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[ 621. 152.5 (42) & 628. 152 (42) ] 628. 252 (.42) ] 
The « Silver Jubilee » Train, 
London and North Eastern Railway, 


“by O. BULLEID, 
| Assistans to the Chief Mechanical Engineer, London and North Eastern Railway. 


Fig. 1. — The « Silver Jubilee » train. 


The' London & North Eastern Railway 


introduced on the 30th September, 1935, 
a four-hour service between London 
(King’s Cross) and Newcastle including 
an intermediate stop at Darlington, the 


distance being 268 miles. This train has 
been named « The Silver Jubilee », in 
celebration of H. M. King George’s 
twenty five years’ reign, and the com- 


oe 
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plete engine and train is shewn in the 
photograph figure 1. 

The diagram, figure 2, is a gradient 
section of the line and shews the ar- 
duous nature of much of the journey. 

The train is a limited one, its com- 
position being as shewn on the diagram, 
figure 3. 

The train timing is as follows : 


_ Distance from 
Neweastle. 
| Miles. Chns. ren” 
«|. Newcastle Wee a 
ss 5) 39 Birtley? s.. hin ee e oee 
EF; 14 3 Durham POU od’ r J 4 ch Wee st 
Pa 23 «18 Perty bill 4 ope eee eee ae 
36 6 ; baat hs, ae eae ver eS > = | 
Darlington "Aves: eee oe eee 
at Wes Calpe avai My rholmers > eer See Ce De i lame 
es i 50720 Northallerton . . . .~ pass. 
ass’ 58) — Thirsk 7s <<.) cease eae See 
Rarck i = 69-2 ‘Alne= clk go oe ee ee 
ee: 80 TelG Eee York = a Sak ee 
= 94 2 Selby a oa BP Ree ee Wadd oouet 4 
> LOS cert Shaftholme Jen. . . . . > 41.45 | 12 
is 1230 Doneaster (Central) . . > 4AGAD | ea 
ry . é | m. 
129° «5723/4 Glan Retiord. ip ame meee. n> i2. She leeld 
ts 148. 18. 8/4. Newark: eae a> 12.19 | 16 
% , 162 70 1/2 Grantham . . ey ple yy lesoeeeetS: 
ho 19l 78 Peterborough (North) See up estes a nmened 
209 37 1/4 Huntingdon (Nor thi) se ane: ay Se | ale 
236. 583° 1/4 Gch int .ee se boca ees aes > Eee ||, wath 
250) 5251/2 Hatfield Myths es Mayan a 1A4 AA 
268 27 Tose CROSS) sien nT E. ee Y) 16 
Overall speed : 67.07 miles per hour. 


King’s Cross, Darlington, Newcastle. 


Distance from ~ Point to point 
Kings’ Cross. STATION. =Distinaes: : 
Miles. _Chns. Miles. Chns. — 
- King’s Cross . . Dee : : te iret : a 
17 64 1/2 |< Hatield 12. cautan bpass. 1) 6.48 18 17.64.42] 58e0ah suas 
31 73 3/4 Hitchin 5 ake aes ee 5.59 44 14) LOAN ase b 
58 69 3/4 | Huntingdon (North) . .  » 6.19 20 96° “760 nee be 4 
76 29 aM Peterborough (Nori, jue) .30 16 Sa 38 ye ; 
“105° 36 1/2 | Grantham. . ae 5 '504/2 | 244/2]} 29 7 1/2 ~<a 
120 8 1/4 Newark ae il 42. | 14. ol 374 
138 49 1/4 Retford roe 2 ili 4154/2} 18 41 
T5517, Doncaster (Central) Ad 14 i; eee 
160 16 Shaftholme Jen. . 45, 45 Wee DS 0) 
174 25 Selby DOL I26 I Ad 4/2 en Ane) 
188 11 York se) 4124/2) — 13" 5 G6: 
199 25 Alne .20 Yee Ls None 
210 27 Thirsk yas cee .29 9 daMdas a 2eae 
218 ff Northallerton 50D" pa OLal 7 60 
227 «866 Eyrholme 42 i tomer it!) 
PIBy A. «Pall Darlington 48 6 5 15 
> 50 
245 9 Ferryhill 3 | 43 12-68 
254 24 Durham . 15, Ait Set ae Ot ete 
262 68 Birtley - 2" Bee 520'< All, 1S mau 8 44 — 
4 268 27 Newcastle (Central) 80 - i ha 5 39 
Overall speed : 67.07 miles per hour. 
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Fig. 2. — Gradient section of King’s Cross-Neweastle line. 
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special train, September 27th. 1935. 


‘The diagram, figure 4, s 
speeds and gradieni 
and Grantham as sche 


8s tare, 230 _ 


~ 
ton 


at BM | Average speeds, 
|| Distance. STATIONS OR MILE-POSTS. Time 1 aera 
|| Miles. Chs._ aos 
: 0 00 | KING’S CROSS. dep. ae 
Ve 4) | Finsbury Park . pass. 32.1 
44 4 04 ElOnnse ys bream aie 55.4 , 
~ te. aff Wood Green” = = > 68.0 Oe 
, 6 35 New Southgate . >» 70.2 Acceleration up con- 
212i New sBarnet) jee > 71.3 Pe tinuous 1 in 200 
10 46 Hadley Wood. . » 73.3 feet | grade. i : 
Zee ol Potters bats tee a> 74.7 ay te. 
14 Sie Brookman’s Park » 82.5 
ie sb TE ANI EEL eases ate 86.5 
20P 25 Welwyn Garden ii | by at Al 3 | 
City tee ner ES 1Siet Caw 95.5 9355 |) (mile-post 712)\5 aan 
222 n00 Welwyn North . » 19 52 92.1 90 | aes 
23 «39 Woolmer Green . > 202s — 89.3 7 SS ae" : 
25 03 Knebworth .. » 21 55 88.5 93 1/2] (mile-post 26 1/4). 
28 «46 Stevenage... » yb Si} 92.3 90 | ; ie 
30 00 Mile-post 30 . . » | 25 ee0 bs 96.8 100 | (first attained). — 
31 74 EUR CELL 9 aie ng eee 26m ame LOL. * TO 
35. 56 Three Counties . > CS Omeee LO7.9 109 1/2] ni 
tl 03 Arlesey eee > 20103 112.0 12: epee ee 
ay 12 Biggleswade . . » 31022) 106.8 105 | (mile-post 38 1/2). 
44 10 Sandyvict a: Meee 32 59) 110.4" 112 |. (mile-post 43). 
Lug cl Tempstordgag oa => 34 eoOme 109.9 109 1/2) ' 
Sl 58 Sone NCOt:s ir me 37 als 106.0 104 1/2) ; Soe 
55 «00 Mile-post 55. . >» 39° 03 107.2 109 1/2] (mile-post 54). 
55 76 Ottondigg omc eevee: » 39 441 | 90.0 85 | slack. 
58 70 HUNTINGDON. » | 41 41 87.5 83a lie, ; a 
6277 00 Mile-post 62 . . » 43 53 85.2 | 83 1/2] (top of 1 in 200). ‘Vk 
63 42 Abbot’s Ripton . > 4458 84.5 = f F ; ee > el 
69 29 Holme ier ES 48 50 90.6 93 1/2) (mile-post 67 1/2). — 
72 ©4648 Yaxleyy oo. bson5. ee Fill 0 Saa 84.5 80 1/2 ; 
74 878 Fletton Junction » 52) S.Obt=e 09:9) oe : 
76> 29 PETERBOROUGH » 55 602 39.3 20 | slack. 
ihe ak Werrington Jun. » 59 O07 46.1 oe 
84 = 67 Tallington aS, 637, 13a 78.1 85 
88 52 Essendine . . . > 65 58 | 83.2 sie Fi ‘ 
92 18 | Little Bytham . » 70,30 eee ie 5: signal check. 
97 08 Corby ee ee 77 ~-49 ib me signal check. 
100 =—09 Stoke Box...) #1 2 80 51 | BS Bas : aes 
102 »=03 Great Ponton . » 825 323mm TE es signal check, 
105 37 GRANTHAM <\arr.. 882 plbagh ise a 4 


Maximum speed on journey, 112 m.p.h, twice, near Arlesey and between Bigglewade and Sandy. 1 ORS 2 
(%) Between mile-posts 30 and 55 (where brakes were applied for Offord curves) the speed was entirely at or over 100 mph, 
This distance of 25.0 miles was covered in 13 minutes 57 seconds, at an average of 107.5 miles per HOWL? ee ae ~~ 

(*) From Hatfield to Huntingdon a distance of 41 miles 15 chains was covered in 24 minutes 34 seconds, at an average 

of 100.6 miles per hour throughout. ’ Sa wey ee a ee th UP et 
(*) The entire distance covered at an average speed of 100 miles per hour continuously was approximately 43 MTOR. le 
(¥*) From Wood Green to Fletton Junction the distance of precisely 70 miles was covered in 45 minutes 44 seconds, ab 
an average of 91.8 miles per hour. Fletton Junction marks the beginning of the severe slack through P Fic atl a tee? : 
On the scoptinnoud 8 miles at 1 in, 200 rising from mile-post 4 1/2 (Wood Green) to Potter's Bar, the speed steadily r 
accelerated from 70 to 75 miles per hour. : ; A = Fete ete Fo ttte, 
The signal checks from Little "pytham onwards were due to the special train having overtaken the York and Harrogate 
express which had left King’s Cross at 1.40 p.m., 45 minutes earlier. Apart from these delays, Grantham would have been 
reached without difficulty in 80 minutes from London. , ! eed ; ee 7 Rea : a 
(®) World’s railway record, so far as can be authenticated, for either diesel or steam propulsion. — : 

(**) World’s record for steam traction. / P 
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Ivatt’s speed diagram. 


QUNGTES PER NILE 
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Fig. 5. — Diagram giving distance in miles necessary to be run at varying increased rates 
of speed to regain one minute lost at any given speed. 

The figure at the apex of the triangle formed by the line from the speed at which one 
minute is lost and the speed run to regain time gives the miles required to be run at 
the latter speed. 


Example: One minute lost at 35 m.p.h. can be regained by : 


Running 2.6 miles at 45 m.p.h., or 
» RS) eee. > 55 m.p.h. 


it will 5 necessary ae to. Sat, 
extra high speeds on the falling gradients. 


If the speed of uphill running of a_ * 


20-mile section can be increased from — 


40 to 60 m.p.h., a saving of 10 minutes — 
is realised, but if the speed of down-— 
hill running over 20 miles is increased — 


from 60 to 80 m.p.h. 5 minutes only 
is saved. 
The diagram, figure 5, known as the 
Ivatt diagram, after Mr. H. A. Ivatt, Lo- | 
comotive Engineer of the Great Northern 


Railway, who introduced it,. illustrates — 


the effect of speed over a section. 

For the 268 miles from Neweastle to 
London, the average speed including a 
2-minute stop at ‘Darlington is 67.07 
m.p.h. ‘ 


Darlington 40 minutes is allowed and 
the average speed is only 54 m.p.h. This 
lower average speed is owing to restric- 


tions of 25 m.p.h. through Durham and ~ 
-eauses an increase in pressure on the 


two other permanent speed restrictions 
of 20 mp.h. owing to colliery workings. 

For the 232 miles from Darlington to— 
London, 198 minutes only is allowed, or 
an average speed of 70.3 m.p.h. notwith- 
standing the severe speed reductions 
through York, Selby and Peterborough, 
to 15, 30 and 10 m.p.h. respectively. — 

From a close analysis of the timings 
it will be seen that high speeds uphill is 
the feature of the schedule. For instance, 
over the 29-mile section from Peter- 
borough to Grantham, with its long 
rising gradient of 9 miles varying from 
1 in 200 to 1 in 178, 24 1/2 minutes 
is allowed in running, but in the oppo- 
site direction the time allowed is only 
reduced to 24 minutes, the speeds being 
71.3 and 72.7 m.p.h. respectively. 

As the power required to overcome the 


a eens is dr 


racing motor cars have to follo 


For the 36 miles front Newcastle to 
atmosphere dlongside the 


a vertical wedge front to pierce the at- 


mosphere which envelops” \ 
speed largely neutralizes the d 
effet of the ordinary w 


and eee the air ab 


adds ate, octaciee RRAASED from > 
four aspects : \ = 
(1) reducing the fee resistance; Se ee 
(2) lifting the steam and smoke; |X) am 
(3) minimising the dis : 


a) not interfering with ae driver's: 
view. ri 
A wind other than a saeaee whet 


windward side of the boiler barrel, but 
also induces a. reduced | air pressure on . 
the lee side and this partial vacuum — : 
draws the steam and smoke down into a 
it and tends to obscure. the look-out. iy Bi ; 
the locomotive front end is designed with © ; 
# 


mosphere by parting it to the sides, the 
side wind effect is aggravated and the 
tendency of the steam and smoke to drift : 
along the boiler barrel is increased. Then, Ms - 
too, considerable disturbance is caused — [a 
laterally and this is felt by passing “1 
trains. i 
For these reasons, Mr. Gresley, EOF B. Ha a 
Chief Mechanical Engineer, L. N. Ko digo ae 
decided that the best form of front end 
was a horizontal wedge, as this would — 
cause an upwardly rising eurrent of air a 


| 
| 
| 
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_ to sweep past the chimney above the boi- 


ler barrel top, and by its velocity would 
assist in carrying the steam and smoke 
clear over the cab, besides avoiding any 


lateral displacement of the atmosphere. — 


The running boards were given an 
aerofoil form to minimise the distur- 
bance of the atmosphere. The form of 
streamlining adopted is very similar to 
that incorporated by M. Bugatti in his 
high-speed railcars in France and in his 
racing motor cars. 

The streamlining of the engine and 
tender is clearly shewn in the photo- 
graphs, figures 6 and 7, which are side 


er Tey > 
‘ ae’. 2 


views of the engine and figure 8, a front” 
view. The photograph figure 9 shows 
the casing in course of erection. 

The absence of side screens which 
obstruct the enginemen’s forward view 
will be noticed. 

The tender has been built up to the 
load gauge so as to minimise the disturb- 
ing effect of any change of section. 

The space between the cab and tender 
has been covered in by means of a sheet. 
of indiarubber as shewn on figure 6. 

The chimney is semi-circular forward, 
tapering back behind again with the in- 
tention of avoiding eddy currents and 


= 


| 


Fig. 6. 


as far as possible preventing the for- 
mation of a vacuum in front of it with 
the resulting tendency of the smoke to 
work forward and down. 

The trials shew that the design is 
most successful, and has overcome the 
difficulty due to smoke drifting down 
the front of the cab. Covering in the 
space between the engine cab and the 
tender has also prevented the smoke 
being drawn down into the cab. In- 
stead, the smoke stream continues to the 
back of the tender and has stopped the 
inconvenience caused by coal dust from 
the tender being drawn on to the foot- 


plate, making the footplate noticeably 
cleaner. 

Four engines are being built for this 
service, the first of which has been 
named « Silver Link ». This engine is 
illustrated in the accompanying photo- 
graphs. 

The streamlined casing of the front 
end covers over the smokebox front end 
and door. In order to give access to the 
smokebox, the sloped front plate is di- 
vided into two parts, the larger hinged 
at the top lifting upwards and the lower 
hinged at the bottom lifting forward and 
downwards over the buffers. These doors. 
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are operated from the ground by a 
handle on a cross shaft in front of the 
smokebox, the lower door overlapping the 
top door when closed. 
Figure 10 shews these front covers 
open. - Str | 
Inspection doors have been provided 
along the sides of the engine to give 
access to the different parts of the 
| motion. 


Figure 11 shews the engine and ten- 
der in outline. 

The engine is a three-cylinder simple 
expansion Pacific type locomotive with 
an eight-wheeled tender. 

The boiler pressure has been increased 
to 250 Ib. per sq. inch. The grate area 
is 44 1/4 sq. feet, a new design of firebar 
being used giving air space openings 
equal to 56 % of the grate area. Part 
of the grate is arranged to drop. The 
ashpan is completely welded and the de- 
sign gives a free air flow under the outer 
side bars. 

The boiler barrel is made in two 
courses. The first course is parallel, 
5 ft. 9 3/4 in. outside diameter, the plates 
being 13/16 inch thick; the second course 
is conical, having a maximum diameter 
of 6 ft. 5 in. and is of’ plate 7/8 inch 
thick. The distance between tube plates 
is 47 ft. 11 3/4 in. 

The steam collector is a steel pressing 
integral with the dome, the steam supply 
being taken through a series of 1/2-inch 
slots cut in the top of the barrel plate. 
The firebox is of copper and, including 
the combustion chamber, is 10 ft. 1 3/4 
in. long. Figure 12 is a view of the 
copper firebox. The throat plates of 
both the copper box and of the outer 
casing are each in one piece. The copper 
wrapper plates are 9/16 inch thick and 
the tube plate 1 1/4 inches thick. 

The regulator is of the double beat 
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Fig. 11. 


— 1310 — 


Fig. 12. 


type, and feeds into a main steam pipe 
of 7-inch diameter. 

The superheater is of the Robinson 
type, the 43 elements being expanded into 
a cast steel header. The elements are of 
the short loop type and extend to within 
9 inches of the copper tubeplate. 

The whole of the boiler barrel and 
firebox are insulated with mattresses 
consisting of five layers of « Alfol » foil 
held in 1 1/2 inch mesh galvanised wire 
netting. The outer covering is steel 
sheeting 16 S. W. G. thick. 

The boiler is fed by two injectors, that 
on the right hand side of the engine 
being a Davies & Metcalfe No. 10 exhaust 
steam injector, and that on the left hand 
side a Gresham & Craven No. 11 live 
steam under-footplate injector. 

The three cylinders are each 18 1/2 
inches in diameter by 26 inches stroke. 
In designing these cylinders, particular 
attention was paid to the size and shape 
of the steam and exhaust passages, so 
that they should offer the minimum res- 
triction to the flow of the steam. In 
addition the passages were carefully gone 


over and all roughness removed. Each 
cylinder is cast as a separate unit, the 
exhaust from the outside cylinders being 
carried to the blast pipe base through a 
cast steel saddle. The piston valves are 
of the narrow ring type with ring con- 
trol. The valves are 9 inches in dia- 
meter with a steam lap of 1 5/8 inches. 
Each cylinder has its own 5-inch dia- 
meter steam pipe from the header, and 
special care has been exercised to make 
the exhaust passages smooth in order to 
reduce the friction. The drawing, fi- 
gure 13, shews the piston valves in 
question. 

The blast pipe nozzle is of 5 1/4inch 
diameter and is provided with a jumper 
ring of the type introduced by the late 
Mr. Churchward on the Great Western 
Railway, to relieve back pressure when 
working the engine at a long cut-off. 


The piston and rod are combined in © 


one forging of British Standard Specifi- 
cation class « C » steel. The connecting 
and coupling rods of nickel-chrome steel 
are similar to those at present fitted fo 
the ordinary Pacific engines. 

40 % of the total reciprocating weight 
is balanced at the wheel rim, the engine 
being balanced in accordance with Pro- 
fessor DaLpy’s method. 

The accuracy of the balancing was 
verified by testing the wheels on the 
balancing machine. 

The valve gear is of the Company’s 
standard type in which the outside valves. 
are operated by means of Walschaerts 
gear, and the inside valve by the Gresley 
gear incorporating a system of equal 
and 2 : 4 levers. The valve gear through- 
out is fitted with ball and roller bear- 
ings. The maximum cut-off is 65 %, at. 
which position the valve travel is 5 3/4 
inches. 

The coupled axleboxes are lubricated 
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by means of a Wakefield six-feed me- 
chanical lubricator and Armstrong oiler 
pads are used in the axlebox trays. 

A Wakefield six-feed mechanical lubri- 
cator is also used for the lubrication of 
the valves and cylinders, one feed being 
placed in each steam pipe and one on 
the top of each cylinder barrel. 

The two lubricators are driven from 
one return crank on the right hand trail- 
ing crankpin, and the. gear is fitted with 
ball bearings throughout. Four oil boxes 
each with nine syphon feeds lubricate 
the valve spindles, piston rods ete. 

The locomotive is fitted with the auto- 
matic vacuum brake, there being one 24- 
inch and two 21-inch diameter brake cy- 
linders which transmit their pull to the 
main shaft. 


The 30/20 mm. ejectors fitted on these 
engines are made by either Messrs. Gres- 
ham & Craven, or Messrs. Davies & Met- 
calfe. 

The brake shafts are of forged steel, 
the brake arms and levers being elec- 
trically welded. 

The front of the cab is V-shaped and 
provides an exceptionally wide angle of 
vision for the engine crew. 

Reversing gear of the vertical screw 
type fitted with ball thrust washers and 
with a special vacuum locking apparatus 
is provided. 

Bowden wire is used for the sand gear 
and cylinder cock controls, as well as for 
operating the whistle, the latter being 
of a special type fitted immediately in 
front of the chimney. 


Fig. 14. 


Bucket seats are provided for the dri- 
ver and fireman and are shewn in fi- 
gure 14. 


In addition to the usual cab fittings, 
a Cambridge pyrometer and Flaman 
type E7 speed recorder are also fitted. 
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The tender is of the corridor eight- 
wheeled type and is equipped with well 
and water scoop, its capacity being 5 000 
gallons of water and 8 tons of coal. 


form to the shape of the carriages to 
which it is coupled. 

All carrying wheels, both engine and 
tender, were carefully balanced by run- 


The tender is fitted with standard 
Pullman vestibule and buckeye couplers 
as used on the Company’s passenger ve- 
hicles, and the back is rounded to con- 


ning them on the wheel balancing ma- 
chine up to a speed of 100 m.p.h. 

The principal dimensions and ratios 
are given below : 


Cylinders. Three— 18 1/2/ diam. x 26’ stroke. 
Wheels. Bogie— 3/ 2” diam. 
Coupled— GE87 = > 
Trailing— 3/377 
Wheelbase. Coupled wheels. 14/ 6” 
. Total engine wheelbase 35! 9” 
Total engine and tender 60’ 10 5/8” 
Journals. Bogie . 61/2/7 diam. & 9/ long. 
Coupled wheels ee eo 2A diate so 1th 
Trailing . are pOL4 diam. x 11” » 
Boiler—Outside length of ‘firebox overall er, LOSb: 18/4 
» sorry » at bottom . 6’ 8” 
Maximum diameter of barrel . 6! 5/” 
Thickness of barrel plates RS UG Gees 1/822 
Thickness of wrapper plates . 9/16’ 
Tubes—Small, Material " s « © « « wteel with copper ends. 
Number . . Pe kal ik aps) LOT 
Outside diameter 21/4// 
Thickness . . 10 L.W.G. 
Length between tubeplates 17’ 11 3/47 
Superheater flues, Material . + steel. 
Number . . = aap OT” UR ily ia a et 
Outside diameter Meet eos ORL Ay 
MBiClonC Sse ete ee ee ee a - sO /oer? 
Heating surface : 
Firebox 231.2 sq. ft 
Tubes 1281.4 > » 
Flues 1063.7 > » 
Total evaporative heating surface . 2576.3 > » 


Superheater elements 


Combined heating surface SBLH2 >" > 
Grate area . oe aS 5 41.25 sq. ft. 
Tractive effort at 85 Yo boiler pressure . 35 455 lb. 
Adhesive weight er Satie 148 176 » 
Adhesive factor 4.18 


Weight of engine and tender ae order). 165 tons 7 ewts. 


The train, which is known as « The and consists of seven vehicles, the train 


Silver Jubilee » is 392 feet long formation being as under : 

Third-class brake ‘ = 30 seats. 
Third-elass corridor Articulated } = 42 seats. 
Third-class restaurant car as 
Kitchen ear Articulated aS 48 seats. 

; = 28 seats. 
First class restaurant car 
First-class semi-open r = 30 seats. 
First-class brake : Articulated = 20 seats. 
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Fig. 15. 


The train is vestibuled throughout and 
has a total seating capacity of 198, the 
tare weight being 220 tons. 


The bodies of the twin articulated ve- 
hicles and the two restaurant cars of the 
triplet set are each 56 ft. 2 1/2 in. long 
and 9 feet wide, whilst the kitchen car 
of the triplet set is 45 ft. 41 in. long 
and 9 feet wide. 

Figure 15 shows the articulated ends 
and the way the bodies are carried by the 
bogies, and figure 16 the Pullman vesti- 
bules between two units. Figure 17 
shows an outer bogie. 


The articulation of railway coaches was 
first invented by Mr. Gresley in 1907, 
since which date 480 articulated sets have 
been put into service on the L. N. E. R. 
Company’s lines alone. 

The exterior finish of the train is a 
distinct departure from the Company's 
usual practice. Instead of the standard 
varnished teak exterior, the bodies are 
panelled in No. 16 gauge steel on the 
outside, the steel panels being levelled 
off with a special stopping which is rub- 
bed down to give a smooth level surface. 


ro + 


Fig. 17. 


The panels are then covered with alumi- 
nium Rexine which is secured by a spe- 
cial adhesive known as LK 34134, manu- 
factured by Imperial Chemical Industries 
Ltd. The cornices, door and window 
facias and the beading between the win- 
dows and also the bottom beading are 
made of Firth’s Staybrite steel; the ad- 
vantage of dividing up the exterior by 
these Staybrite strips is that in the event 
of the Rexine being damaged, it is a sim- 
ple matter to remove the strips surround- 
ing the damaged piece, replace the dam- 
aged material and restore the Staybrite 
strips to their normal position, without 
taking the unit out of service. 

The roof following the Company’s 
standard practice is of tongued and 
grooved boards coated with white lead 
and. covered with roofing canvas, which 
is then painted with lead paint. 
In place of the ~usual finishing 
coats of white lead paint, these roofs 
have been finished in a special alumi- 
nium paint manufactured by Messrs. 
Docker Brothers, incorporating a spe- 
cially fine aluminium powder. The train 
name is painted on zine plates fastened 
directly onto the roof above the cant rail, 
in aluminium letters on a blue ground. 


The roof is free from projections of 
any kind. torpedo extractors having been 
made unnecessary by the air conditioning 
equipment installed. 


The droplight incorporating a cast Al- 
pax frame presented some difficulty 
owing to the flush exterior finish re- 
quired. The problem was solved as 
shown on the drawing, figure 18. 

Exterior projections on the sides have 
been reduced to a minimum, and, in 
order to reduce the air resistance, a 
skirting has been fitted between the bo- 
gies extending from the bottom of the 
body to within 10 1/4 inches of the rail. 
These skirtings have been lined with 
cloth on the inside, to prevent drumming. 
The spaces between the articulated ends 
of the vehicles have been closed by means 
of a special rubber sheeting with alu- 
minium finish supplied by Messrs. 
George Spencer Moulton & Co., which 
is fitted with a slight initial tension. The 
shape adopted at the bottom is the result 
of experiment and prevents the rubber 
tearing. This rubber sheeting is also 
shown on figure 15. 

The bogies are of the L. N. E. R. 
standard four-wheeled compound bolster 


‘Each centre bolster is fitted with t 0 


type, and are » shown ¢ on n the 
gure 19.5 a 

The bolster springs “eal are of the 
special Timmis section manufactur 


Messrs. Turton Brothers & Matt WS. Y 


nests of two springs, those on the ou r 


bogies having a deflection per nest of | 
19/64 inch per ton, whilst those under — 
the articulated ends have a deflection of 


4 /4 inch per ton. The four nests of 
springs on the outer bolsters of all bogies 
have a deflection of 41/64 inch per ton, 

The side bearing springs, made by 


Messrs. Wilford & Co., are 4 feet long, 


the section of the plate being 4 inches 
by 4/2 inch, springs of 9, 10 and 11 
plates being used according to the load 
carried, the deflections per ton being 


0.85, 0.76 and 0.7 inch respectively. The 
four springs on each bogie are carefully — 
matched to give the same deflection per 


ton. 
_ The underframes are of steel atl 
trussed, the whole being fabricated by 
means of electric welding. The electrodes 
used were « Murex » Ironex, Nos. 6, 8 
and 10 S. W. G. 

The body framing is of Burmah teak 
throughout, the floors being bolted di- 
rectly on the underframes. 


The steel panels are bedded to the pil- 


lars with a special paste before being 
finally screwed into position. All edges 
of the Rexine fabric are covered by the 
Staybrite steel strips previously referred 
to. 
To deaden the noise to be expected 
when running at high speeds, the floors, 
roofs and walls have been insulated with 
Roberts « Asbestos Acoustic » blanket, 
whilst further precautions have been ta- 
ken by electrically welding Messrs. Bec- 
kett, Laycock & Watkinson’s special 
dovetailed steel sheeting between the un- 
derframe members, and filling the space 


oe in wedet ‘eS ee to: 
‘the transmission of heat and 


heated to the required temperature 


Ventilators are fitted above 
taurant car and compartme) 
The ventilators are fitted 


open, to extract air from the 
the vehicle. = t? 

Plywood has been used throughout tone 
the interior lining of each body with 
the exception of the ceilings which are Co. $ 
special millboard. All cross partitions — . 
with the exception of those in the res: y ' 
taurant cars are of block board. a 

The whole of the train with the ex- 
ernie of the Kitchen car is fitted seh a 


air “conditioning and hea thee system. ny 
Fresh filtered air is forced into the com- 
partments through outlets near the floor 
level, and in cold weather the air is 


according to the predetermined setting — 

of a special compensated thermostat. The 
equipment consists of a unit, suspended abe 
from the underframe, which contains the 
necessary fan, air filters, and heating — 
apparatus, from which the conditioned =~ 
air is conveyed to the compartments by oe 
suitably lagged metal ducts, and passes 
to the outside atmosphere by means of _ 
extractor type sliding shutter ventilators 
situated over each body side light, and — 
also through perforated metal grids . 
situated over each compartment sliding — - 
door. It is found in service that not only — 
is the temperature of the compartments — 
maintained at the desired level but that 
there are no draughts. Moreover there 
is no condensation on the windows and,’ 
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as the ventilators can be kept closed, the 
noise is much lessened. 
The interior decoration of the various 
units introduces several novel features. 
The first-class compartments, each of 
which seats four passengers, have been 
decorated in blue and fawn with chro- 


mium plated metal fittings. The walls 
above the seat backs are covered with 
blue Rexine and the ceiling with Rexine 
of a lighter shade. The design has been 
developed with the idea of making the 
compartments appear as spacious as pos- 
sible. This has been achieved by the 


Fig. 20. — First-class compartment. 


absence of mouldings, etc, and by 
arranging the chromium-plated luggage 
strips vertically on the partition instead 
of horizontally as is more usual. 

The interior of one of these compart- 
ments is shown in figure 20, 

The sliding doors are of a new design 


xXIi— 4 


to give a better outlook to the corridor, 
and are fitted with a new type of Kaye 
lock specially introduced for the purpose: 
this door is shown clearly in figure 21. 
The seats are upholstered in Firth’s 
silver and blue broché rep, Vi-spring seat 
fillings being used throughout. The 


Fig. 21. — Third-class compartment. 


hinged centre armrests, the side armrests 
and the headrests have fillings of Dun- 
lopillo rubber. Loose feather cushions in 
blue silk are also provided. Each window 
is provided with a blind of blue Rexine, 
while silver and blue silk curtains are 
fitted to each body side light. 

The train is fitted with Stone’s train 
lighting system at 24 volts. The dynamos 
are driven by « Railite » belts from the 
axles. The equipment in each unit in- 
cludes Pritchett & Gold Planté batteries. 

Tubular lamps are used throughout, a 
35-watt lamp in a chromium plated re- 
flector being fitted in the centre of the 


ceiling. Tubular reading lamps of 15- 
watt capacity are fitted in each corner 
above the seat back. 

In order to improve the general light- 
ing for reading, a large rectangular 
mirror has been placed over each seat 
back below the parcels rack. This mir- 
ror is so inclined that the light from 
the tubular lamp in the ceiling is re- 
flected onto the book or newspaper 
which the passenger may be reading. 

The floor is covered with blue cork 
linoleum over which is laid a blue jaspé 
Wilton rug. 

The  third-class 


compartments are 


— 1321 — 


designed to seat six persons in each, the 
decorations being carried out in green 
and the fittings chromium plated. The 
fixed seats have armrests and are covered 
in a Holdsworth green and fawn rep. 
Lighting is provided by two 40-watt 
lamps in chromium-plated ceiling fitt- 
ings. This compartment is shown in the 
photograph, figure 214. 

The decoration of the first-class res- 
taurant car is something quite new in 
railway practice. The walls in this sa- 
loon and in the open portion of the 
adjacent semi-open car are panelled in 
figured Australian maple. This panelling 
was manufactured by Messrs. Mallinsons 
to Mr. Gresley’s requirements, Mr. Gres- 
ley selecting this wood on account of its 
striking grain and attractive colour. 

The whole finish is entirely flush, the 
necessary decorative and architectural 
effects being obtained by the grain and 
colour of the timber without any. ad- 
ventitious aid from inlays, veneers of 
different woods, etc. The result is a 
well balanced and attractively finished 
interior, free from any unnecessary pro- 
jections which might collect dust. 

By carrying the cornice line above the 
actual cant rail line the apparent size of 
the compartment has been considerably 
increased. 

Loose chairs are provided, one on each 
side of a centre gangway, and areuphols- 
tered in a Lee’s blue tapestry with a 
trellis design in fawn, Vi-spring and 
Vito seat fillings being used. These 
chairs are based on a late seventeenth 
century chair and represent a notable 
advance in carriage seating. 

The ceiling is tinted pale blue. The 
floor is covered with a sponge rubber 
underlay on which is placed a blue jaspé 
Wilton carpet specially manufactured by 
Messrs. Firth to tone in with the general 
colour scheme. 


Tubular lighting is again employed in 
this saloon, two 35-watt tubular opal 
lamps in chromium reflector type fittings 
being fixed to the cornice above each 
side window. A fixed standard table 
lamp with a beige Nacrolaque shade is 
fixed to the waist rail at each table. This 
car is shown on figure 22, and the semi- 
open first in figure 23. 

The walls of the third-class restaurant 
car are flush panelled in quartered Bur- 
mah teak also supplied by Messrs. Mallin- 
sons, the fittings throughout being chro- 
mium plated. The fixed seats are arran- 
ged two on one side of the gangway and 
one on the other, and are upholstered in 
green uncut moquette. 

The carpet in the third-class restau- 
rant car is fawn with a black and green 
pattern; a sponge rubber underlay is 
provided. 

Each section is lighted by means of 
one 60-watt opal lamp in the centre of 
the ceiling. 

The centre unit of the triplet restau- 
rant-car set consists of a large kitchen, 


pantry, attendants’ compartment and 
attendants’ toilet, and is equipped with 
electric cooking. apparatus made hy 


Messrs. J. Stone & Company. The power 
equipment consists of two 40-k.w. ge- 
nerators belt-driven from the axle, ge- 
nerating direct current at 220 volts, and 
follows in general layout the previous 
equipments supplied by this Company. 
Considerable improvements have been 
made in the actual cooking appliances and 
in the layout thereof. 

Previous stoves and accessories have 
been built up with cast iron sections, but 
in this equipment the framing is of 
light steel sections electrically welded 
with a great saving in weight. The main 
cooking range is fitted across one end 
of the kitchen, and comprises a roast- 
ing oven, steaming oven, and grill, to- 
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Fig. 22. — Saloon car. 


Fig. 23. — Semi-open first-class coach. 
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gether with a boiling table having four 
boiling plates. A special feature of the 
boiling table is that the whole of the 
top surface is heated and is not, as 
hitherto, composed of small separate 
heating elements. A hot cupboard has 
been provided on the corridor side, the 
top of which has been constructed to 
form a heated carving table with special 
wells for sauces, gravies, ete. An 
auxiliary hot water tank of 4-gallon ca- 
pacity is provided for kitchen use. A 
fish fryer is also provided. 

The loadings of the various items of 


equipment are as follows, the loadings 
being at 220 volts : 


Roasting oven . 
Steaming oven 
Boiling table 
Gill ee 
Carving table 
Fish fryer 
Boiler 
Automatie boiler 
chine 
Water tanks in roof 


— 
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A further new feature is the provision 
of sinks each having a 1-k.w. heating 
element clamped to the under side, 


Fig. 24, — Kitchen. 


ensure that the water remains hot ene 
the process of washing up. 

The tops of the benches are govextél 
with Staybrite steel plates. 

An automatic electric refrigerator is 
also provided in the kitchen, together 
with an ice cream cabinet operated from 
the same unit. 


The main hot and cold water tanks 
are fitted in the corridor roof, the former 
being heated by means of an electric 
element together with an auxiliary steam 
coil for use during the autumn and win- 
ter seasons. 

The main switchboard is of a special 
type in which the bodies of the indicator 
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lamps and switches are enclosed, the 
switchboard being specially ventilated. 
The kitchen is illustrated in figure 24 
and the pantry in figure 25. 
The pantry is provided with shelves, 
cupboards and racks for storage of cut- 
lery, crockery and provisions; wine cup- 


boards are also provided, together with 
a further cupboard having special racks 
for the storage of liqueurs. 

An extension of the refrigerator ca- 
binet provides accommodation for white 
wines and for butter, cheese and cream 
in the lower part. 


Fig. 25. — Pantry. 


A constant supply of hot water is en- 
sured by the provision of an automatic 
boiler supplied by Messrs. Wm. Still 
& Co. <A coffee making machine and 
milk urn to work in conjunction with 
this boiler has also been provided by 
the same firm and is shown in figure 25. 


-A Chloride Exide-Ironclad battery of 
210 ampere-hours capacity is provided 
for use when the vehicle is standing. 

Plugs and sockets are provided at ter- 
minal stations by means of which the 
equipment on the train may be connected 
to the station supply so that cooking can 


<a 
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be done before the train starts on its 
journey. The cables are removed before 
the train starts. In order to prevent any 
movement of the train while it is con- 
nected to the station supply, a valve is 
provided having a lever which covers the 
socket on the train. This valve is con- 
nécted to the vacuum brake train pipe 
and as it must remain open as long as 
the cable is connected to the train the 
brake cannot be released. Provision is 
also made for charging up the batteries 
from the station supply if necessary. 
The walls and ceiling of each toilet 
compartment are covered with Rexine, 
whilst the floor is covered with « Kor- 
koid » tinted to match the walls. _ All 
metal fittings are chromium plated. The 
hopper is of the sealed type with a flush- 
ing cistern controlled by a push button. 


Hot and cold water is provided in all 
wash basins, the water being heated dur- 
ing the winter season by means of a 
steam heater and in the summer by an 
electric immersion heater under the 
wash basin. The hot water tap is pro- 
vided with a red insert and the cold 
with a white insert on the lever in order 
that they may be readily distinguished. 
The decoration of the first-class toilets 
has been carried out in blue, and the 
third-class toilets in brown. 

The locomotive and train have been 
built throughout at the Doncaster Works 
of the London & North Eastern Railway 
Company, to the designs of Mr. H. N. 
Gresley, C. B. E., the Chief Mechanical 
Engineer. 

The train has fulfilled all expectations. 
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FRANCE. ‘ aL epee 
The Fisher Committee a the Tena Main Line seers has been ‘good ae sory, 


I. — Road competition. 


A. — Co-ordination of passenger 
transport. 
Decree of the 25th February 1935. 


The Co-ordination Committee set up as 
a result of the decree of the 19th April, 
1934, unanimously agreed the general re- 
gulations which after examination by the 
State Council were enforced by the de- 
cree of the 25th February 1935. 

These public administrative regulations 
are in three parts. The last two relate 
particularly to passenger transport. 


1. Creation in each Département of a 
Technical Transport Committee. 


A Technical Transport Committee was 
set up in each Département in accordance 
with the decree of the 25th February, 
1935 and, like the Headquarters Co-ordi- 
nation Committee, was formed of five 
experts appointed for three years, repre- 
senting each class of carriers concerned 
(main-line railways — local railways — 
subsidised motor transport firms — non- 
subsidised motor transport firms dealing 


‘roads, 
and airways. 


? (Contin U. 0) (}). 


au passengers — and those dealing 
goods). The expenses arising from 


functioning of such Committees are CO: Je 
- vered by a special tax upon the various 


transport undertakings. 

The technical transport committees 
which are, in character, professionnal or- 
ganisations, are independent, but work in| 
agreement with the administrative autho- 
rities (Prefects, Regional Post Office 
Managers, and Bridges and Roads Depart- 
ments Regional Managers) and carry out 
investigations, collect information, and 
act as supervisors for the Headquarters 
Co-ordination Committee. i 

All decisions must be passed unani- 
mously; otherwise the case is referred to” 
the Headquarters Co-ordination Commit- 
tee and settled by it. 

_The technical transport committees. 
have three duties to carry out in connec- 


tion with passenger and goods transport ’ 


within the Département or in some cases 
the region concerned : 


a) to help in drawing up agreements 


between es sider Sania ends m. 


(*) See Bulletin of the Repiine Congress, 


June 1934 to Jey 1935. 
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which was ordered Dy, the decree of the 
th April, 934, 


Provisions eee) to agreements in 
¢ connection with public Passenger 
part of the decree of the 
1 lays down the gene- 
‘al principles upon which the regional 
agreements made by public passenger 
“ea riers are to be based. These general. 

les an be ee ni as follows : 


__ able to the public, for commercial objects, 
“are to be considered as public. » 
£ Ih accordance with the decree of the 


te me ie ane ace ee services avail- : 


ing to the beers in question, 
nor to the transport of passengers in 


hackney vehicles, provided that such 


vehicles are hired out as a whole and not 
through any agent, whether by the jour- 


ney, distance, day, or a time-distance 


tariff. 

All other passenger transport is to be 
considered as public transport, especial- 
ly: 
— occasional services for excursions, 
tours, or pilgrimages (the regulations 
concerning which are, Doweeven, very re- 
laxed) ; 

— periodic services on holidays, fairs, 
and markets; 

— vehicles hired out at a price per seat 
and to the first fare (taxis working cer- 
tain regular routes in the suburbs of 
large cities, particularly Paris). 


b) The working of co-ordination. 

The object in view is to do away with 
duplication which is a burden on the 
public finances, and the national econo- 
Deeds 

For this purpose, in each Département, 
the main-line and local railways and the 
subsidised motor transport firms report 
to the technical transport committee as 
to any of their lines, whether subsidised 
or not, they propose to close, either whol- 
ly or in part, in view of the greater ad- 
vantage of other methods of transport, 
after having considered the traffic and 
the financial results of operating the line 
in question. The unsubsidised motor 
transport firms, on their side, advise the 
technical committee which of their lines, 


ry! 


ts suppressed, would” < 


ae 


Vobcanes 1938, ‘Wwhicll pana Co-( 


tion upon professional agreements a tables 
tween the carriers ‘ eofiverned (or rather" be fixed a 
between those who carried out transport the traffi 


services before the law of the 19th April, 


1934 laying down the priniple of co- -may be fo 


ordination came into force) has laid down ti 


the principle. that «-the suppression of 


road services may involve compensation ». ort rote a6 


As a rule such compensation (clause Pie 


of the decree of the 25th February 1935) 


consists in reserving to non-subsidised — 
road transport firms the operation of — 
_ lines formerly worked by a railway ora 


subsidised motor firm. 

In addition, it is laid down that 194. 
transport firm can show good reason for 
refusing to adhere to the agreement on 


account of the loss suffered through the ~ 


distribution of the traffic made according 
to it, the whole of the carriers of the 
Département shall compensate him. 

The services allotted to road hauliers 
in compensation for suppressed services, 
and accepted by them, shall be operated 
by them at their own risk. 

In exceptional cases the arrangement 
can be reviewed within six months, but 
only when the operation of the service has 
brought to light some error in the esti- 
mated value of the compensation. 


c) Clauses safeguarding the allocation 
of the traffic. 


Duplicate services may have to be main- 


tained over some routes. The decree of | 


the 25th February 1935 provides in such 
cases safeguards when ier nih the 
traffic : 


— The rates of the non-subsidised mo- 
tor firms must exceed the price of railway 
tickets of the lowest class; if the non- 
subsidised firm duplicates a motor service 


port undertakings. Pi gsiteniier. Oy ee 


a a the date such ‘agreements: come 
into force, will cease to participate aie 
directly or indirectly in apes Toad trans a 


as Obligations imposed on lic ee 
passenger motor Panes: services, — ae 


a) Tariffs. o ’g PEAY hile 


The decree of the 25th nate 1938, 
provides that in the case of passenger and 
luggage tariffs, maximum and minimum _ ‘ge 
rates shall be laid down in the agreements ee! 
for each line or group of lines and be 
sanctioned by ministerial orders approy- < 


ing and putting them into force In ad- 


dition, provision is made for the whole 


time limits) in drawing up or ‘modifying: = 
passenger rates under the viel of 
the technical transport committee. = 


b) Routes and timetables, as . 


The routes and timetables must be spe- se 
cified in the agreements and can only be i 
d 


modified with the assent of the technical | 
transport committee. _ a 


The timetables must be posted up eight 
days before they come into force, be — 
communicated to the administrative au rs. 


! thei 
ce Company sso ie the 


he jee staff comes under 
w on the eight-hour day, and 
has to be: medically examined 
aa intervals. 


; ~d) Postal services. 


| Passenger motor nena? Winoriok: 
ings have to carry the mails under the 
conditions laid down in the decree 
(Clause 31). abel . 


e) Guarantees and penalties. 


Public passenger motor transport firms 

My are obliged to make a deposit in various 

ways. 

Jn addition to making’ sure they are 
carried out, the agreements contain pe- 
— nalty clauses. These are warnings, fines, 

wy and finally the exclusion from the agree- 

= _ ments with loss of the deposit, which de- 


_ 
* 


= bars the offender from operating any — 


i. Le pel passenger motor transport service. 
The penalties have to be agreed unani- 


_ ‘se 
se 


* 
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port agreements. 
The agreements made odes trans- 


. port firms will come into force on the 


date fixed by the ministerial decree ap- 
proving them. They will all terminate 
on the 34st December 1940. — 

_ At the present time (June 1935) the 
technical transport committees have 
been set up in the Départements accord- 
ing to the procedure laid drown, and a 


certain number of them have already 


held their first meeting and elected their 
President. Their task will be easier in 
the some 25 Départements in which the 


transport firms concerned have already 


come to some agreement, 


B, — Co-ordination of goods transport. 


Co-ordination of goods transport 
during the first quarter of 1935 was very 
thoroughly investigated by the Head- 
quarters Co-ordination Committee with 
a view to drawing up general regulations 
for goods transport on lines similar to 
those of the 25th February 1935 regula- 
tions on passenger transport. The repre- 
sentatives of the different carriers be- 


_longing to the Committee could not come 


to any unanimous decision and the ques- 
tion is now (June 1935) before the arbi- 
trator attached to the said Committee. 


II. — Competition from waterways. 


During the first quarter of 1935, no 
new general agreements were made in 
connection with navigation. The three 


iy -‘f) Duration of Pnibitel passenger rank 


ss 


* ows 


Chambers of Commerce concerned. The 
third was sent back to the Regional Com- 
mission for further examination to see 
if it would be possible to bring in the 
inland navigation firms still dessenting 
from it. 

. The Headquarters Committee in addi- 
tion has dealt with : 

— authorisations to be granted by the 
Minister in pursuance of the decree of 
the 15th May 1934 (registration of new 
boats, transport of various kinds of goods, 


utilisation by third parties of boats be- 


longing to commercial and ae. 
firms): : 

— the protection of inland boat buil- 
ders; 

— the question of chartering which 
was the object of the public administra- 
tive decree issued on the 8th June 1935, 
which will be considered in greater detail 
in the next note; 

— the examination of the decisions of 
the regional commissions and of the dis- 
agreements which have arisen among 
them. ; 

The Headquarters Co-ordination Com- 
mittee has in particular passed a certain 
number of agreements made by the re- 
gional commissions in the case of special 
kinds of traffic, particularly : 

— the transport of coal from the Nord 
and Pas-de-Calais Départements to 
Amiens, 75 % of which has been allocat- 
ed to the railway and 25 % to inland 
navigation ; 

— certain transport of flour to Paris, 
divided up equally between rail and wa- 
ter; 


is to make the small b 


wo dready’ ons in pie case 1 Seen 
the Rhéne, the Lower Seine, and the ete... 
canals in the Midi were examined by 
the Headquarters Rail and Water Co- 
ordination Committee. The first two. 
were approved and submitted to the 


Tk main d ty a 
‘especially i in the Es 


the agreements made by th ese 
tives on the regional commissions. 
sequent: the cations have dev 


by the study of a question of ioare imme-_ 
diate efficacy and interest : railway rates 
likely to compete with river navigation. Te 5. 
Distribution of the traffic is achieved 
by rating measures to which the assent of — 
the boat owners is first of all obtained. | 
Many agreements about special rates Ae ' 
been. made i in this way. » 


* j ‘ 
* * ote 4 a") bie 


_ AFRICA. 


Kenya and Uganda Railways _ 
and Harbours. 


The information published below is _ 
taken from a letter in which the General 
Management of the Kenya and Uganda 
Railways and Harbours describes the 
measures taken to meet competition. — 

In the Colony of Kenya an ordinance 


enacted by the Governor in December 


1932, forbade the carriage of goods by 
motor vehicles for reward on the prin- 
cipal trunk road which runs from the 
coast for 450 miles inland, and also on— 
the road from the connecting point to 
the Tanganyika border. The regions 
crossed by these roads are served by the 
railway. The law does not apply to vie 
ances of less than 30 miles. 

The ordinance, which is valid for one 


year, has been renewed from year to year. 


It has had the effect of bringing back to 

the railway an appreciable amount of the ; 

higher rated goods traffic. ae 
The ordinance provides for the grant-— 
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ing of licences in special cases, but none 
has been issued up to the present time. 
It also makes an exception in the case 
of farm produce carried from farms to 
the railway station or to the towns 
nearest the centre of production. 

In the Uganda Protectorate similar 
legislation has been introduced and for- 
bids the transport by road in motor 
vehicles for reward between the places 
shown on the map attached to the 
ordinance, It has been found completely 


efficacious in protecting the import traf- 
fic, which is the chief consideration. 
On Lake Victoria the Administration 
operates the steamer, tug and lighter ser- 
vices, and suffers from the competition 
of native dhows. These can use small 
ports inaccessible to the Administration’s 
large boats. The latter has been able to 
come to an agreement according to which 
the dhows are used as feeders to its regu- 
lar services. At the same time the tug 
and lighter services have been developed. 


" fee : 628. a oat. 1585 &6 2 
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General considerations, _ 


I. Systematic use of statistics: 
1. To the first degree. 
2. To the second degree. 


II. Locomotive maintenance and working as 


shown in the statistics. 
1. The financial importance of rolling 
stock maintenance. 


2. The industrial, technical and financial 


bases. 
Ill. The results according to a Matigtion 
A and B. Common measures. 
A. Intensified use of locomotives. 
B. Systematic locomotive maintenance. 
1. Frequency of repairs. 
2. Results from a working oe of 
view. 
3. Relation between the mileage per 
annum and between two repairs. 
4, The economic results. , 
IV. Conclusion. 


* 
ve 


In the modern meaning of the term, 
the economics of operation involve the 
detailed knowledge of the particular con- 
ditions of the service as well as of their 
interrelationship in regard to working, 
organisation, and economic value, so that 
the factors affecting the running of the 
service may be controlled methodically 
in order to get specified results. 

This means perfect knowledge of all 
phases of the service in all its branches 
and at every stage. Numerical data, and 
their derivative, statistics, provide the in- 


strument. ore for a 


enable us: rk be bre: 


sented by the ratio of the receipts to the 


2g 


A 


“Rationally ‘conceived, 


working of the undertaking; ee > : ie 5, 
to take the measures this informatior ss 


shows to be necessary; 


judiciously. ‘For this =a the data are 
divided up: 

into local ken in which the ee 
conditions are of the same nature for the — 
investigation considered, and *, 

into logical groups the delimitation SER 
which removes the proposed investigation — ) 
from any disturbing influences. — : a 

In addition the same effect ae kita ae 


presented in causes of different baie a y 


Pe 

appreciee ‘causes, “ay ‘handling the figures oh 
ay 

i 

2 


In every undertaking the most impor-— 
tant number, namely the result repre- — 


expenditure, becomes, on this basis, the a) 
starting point of the ‘financial consider 
tions on the one hand, and on the other 
the proof of the effect and rightness of 


the steps taken. The analysis of the Biss 


gures for the whole undertaking leads us 
to contrast the cost price of the different 
products and groups of products with the | 4 
realised or realisable sale price. 

These general principiag also apply to 


or 
a 
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railway statistics. The special nature of 
railway service, however, owing to the 
special characteristics of its product’ — 
transport — gives rise to new considera- 
tions, and also to an operating practice 
which differs from that of industrial 
undertakings. We will consider this 
point in the first part of the present 
article, so as to ascertain the possibility 
of using statistics in a commercial 
way in railway working. We will then 
endeavour, in the second and third parts, 
to illustrate this use by applying it as 
an example to « the use and maintenance 
of rolling stock ». 


I. — Systematic use of statistics. 


Railway statistics are the result of 
having to account for the plant and its 
value, ‘the receipts and expenditure, to 
supply information on the nature and 
extent of the products of the undertak- 
ing, i.e. the traffic worked, and finally 
to show by means of what work carried 
out the traffic was handled and the fi- 
nancial result obtained. 

To this day railway statistics are built 
up on these five pillars. Each vertical 
column has its origin in numerical data 
furnished by the various installations and 
partial operations which then follow up 
the organic structure of the railway as a 
working, steadily increasing in collective 
value. For the railway manager who is 
conversant with the statistics and their 
origin, this processus requires no further 
explanation. Examples of certain phases 
merely mentioned here are given when 
describing the use of statistics. The total 
plant, both fixed and rolling, the receipts 
and the expenditure, are indicated in 
quantities and in value, the operations in 
quantities. 

The use of statistics properly speaking 
is not limited to considering the initial 


7 


(absolute) numerical data; in principle 
it depends upon the determination of ra- 
tios which being independent of the num- 
bers from which they are derived, enable 
us to make comparisons between diffe- 
rent periods, different parts of the orga- 
nisation and different undertakings. 
These ratios are necessary to meet the 
above mentioned conditions governing 
the: statistics. They can only be used as 
a critirion if the hypotheses upon which 
they are built are respected. We would 
speak here — quite generally — of the 
part of the social structure served by 
the undertaking as a whole or in part, 
with the special kind of the traffic (pas- 
sengers and goods to be carried and the 
conditions under which they are to be 
carried) and the special nature of the 
service (lines, methods and means of 
transport), and finally the organisation 
of the undertaking itself. 

But there are also the economic condi- 
tions under which the traffic has moved 
to be considered. These are characterised 
within the limits of the railway statistics 
by the volume of traffic (taken as a 
whole and classified from different 
points of view) that is to say by the 
initial (absolute) numbers. 


1) For use to the first degree the ratios 
are obtained from the figures in the ver- 
tical columns. In this way we ascertain 
the extent to which the various installa- 
tions, receipts and expenditure as well 
as the work done enter into each of the 
total numbers. The expenditure is con- 
sidered here from two points of view : 


a) according to the class of expenditure 
(capital charges, including interest, amor- 
tisation, renewals; expenditure on staff 
and materials, both classified by em- 
ployment) ; 

b) according to the origin of the ex- 
penditure (administration, stations, loco- 


: give caro e. on the na 
organisations ae nk ine: 


of ae and soe ae Figo Stet at + 
of the length of tunnels and bridges a ee 
of the number of eo ona Tine 


Ss of the first cost of ipeefationa’ or similar 
yer organisations, for example of the stations bs 
of some size, OBES of a certain So 
Pie, 


fie eee of Bont wagons, thd * tare and number a ‘seats 


7 eee For the traffic worked : ; Ma 
5. ~e the ton-miles supplied . . ...... to the onthe ‘carried (av 
te : Tun); ’ : 
26 complete loads, grouped by class of rates . total n ces 
. passenger-miles 40th). oe )./C eel chen te the number of passengers carried (aves ‘ 
. ioe & age journey distance) ;- isn A EEE 
pare passenger-miles . . ....... - to the seat-miles (use made of the seats ns 
fs 5 " ptt 
available). ‘ : a OY ee ae 
: 3 ec ais ay a 
For the various operations in the service padaed out : r lack, Jat aaa raed 
vehicle-miles and axle-miles for the dif- Teer eairey Espey aR re a rast 7 = = 
ferent methods of operating for goods piraees i rsictee Seas = 
ahd “passengers ste; es Eee eeetO mune: peieSailes ‘(average composition of ee 
the trains); i : he bo bs 
ton-miles, gross and net .... . “ye. hOethe train-miles (total atl useful weight = =~ 
per train); 2 1 Seales? tetethan 
ton-miles, gross and net. . . . %...... 10 axle-miles (total weight and useful weigh ‘ 
eae per axle); 
of the booked journey time . ... . . to the length of the line (average commerci i 
ers Bpeeg is “3 pci Agni Piha 


2) Second-degree use is based upon — 
ratios determined between parts of we ot 
different vertical columns; it shows 
K cross relations in connection with possi- case, and 
‘a ble variations and gives a closer check as. caMBEaees ae eee from. other rs 
a of the value represented by the denomi- columns. It should be noted tha for 


nator. a Terie elo, selected 


ci ae 


a a 
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expenditure — as in the capital account 
— the indications are given with and 
without money values, so that against 
the staff expenditure are shown the num- 
bers of individuals occupied and the 
numbers of hours worked, and in the 
case of materials, against the values, the 
quantities. 


Ratios can be established : 


between the first cost and a certain num- 
ber of installations, or similar organisations, 
and 

the receipts realised therefrom; 

the expenditure necessary to maintain 
them; 

the traffic worked, and the service given 
through this expenditure; 

in a general way this gives the user, for 
example, in the case of a line, in passenger- 
miles, or ton-miles as density of traffic; the 
train-miles, vehicle-miles, or axle-miles as 
service density; and in addition for the lo- 
comotives, the locomotive-miles, the train- 
miles, or the ton-miles; for the goods wa- 
gons the axle-miles, or the ton-miles charg- 
ed for; for the loading capacity, the useful 
load in tons, etc. 


between the traffic worked, and: 


the receipts realised therefrom, 

the service operations needed to work it, 

the expenditure in staff to work the traf- 
fic, for example for consigning, conveying; 

the expenditure for maintaining the equip- 
ment; 


between the service carried out and: 


the expenditure on staff and materials 
resulting therefrom, with and without show- 
ing the value, classified according to the 
different service operations. 


between the receipts and expenditure, 
and : 


the values taken in the three other co- 
lumns, as shown by a few examples quoted 
above. 


xi—6 


The subdivision of the expenditure occa- 
sions much more work, as is shown below. 


The ratio of the expenditure to the 
different operations involved in carrying 
out the transport and finally in the ac- 
tually saleable work gives the elements 
of the costs which, when combined to- 
gether, should show the unit cost of 
working the traffic (that is to say the 
cost per train-mile, per vehicle-mile, per 
axle-mile, per gross and net ton-mile, per 
passenger-mile, etc.) which in turn 
enables us to arrive at the cost price, 
which as we pointed out above is of 
particular importance, and to contrast it 
with the selling price (tariff). 

In actual practice the simple system 
described above of using the general sta- 
tistics is not a success for the following 
reasons : 


The selling price (the tariff) varies 
with the nature of the object carried 
(passengers, goods, etc.), with the kind 
of transport used (the class for passen- 
gers, the class of wagon for goods), and 
with the method of transport (the kind 
of train). But the costs cannot be clas- 
sified directly according to these points of 
view, seeing that the major part of the 
expenditure on staff and materials is 
common to several of the methods of 
production. Even the general division 
between passenger and goods traffic 
can only be made indirectly, when dis- 
tributing these costs (for example as re- 
gards the maintenance and supervision 
of the lines, the working and. mainte- 
nance of the rolling stock used: in mixed 
services, dispatching consignments, etc.) 
and therefore cannot be readily calculated 
exactly. The selection of the headings 
under which the charges are divided can 
be assisted by scientific considerations, 
but it can also be falsified by arbitrary 
theories and opinions. The more the traf- 


5 et AS 


the individual costs, 
calculated exactly and consequently have 
to be allocated arbitrarily. — ; | 


These numerous and difficult calcula- 


tions have been made by some adminis- 
trations and have proved to be extremely 
valuable for checking the rates and for 
making comparative financial calcula- 
tions, for example when selecting the 
route to be followed, in connection with 
the productivity of certain lines, 
also when dealing with competition with 
other methods of transport, ete. The 
only way we can establish a direct com- 
parison between the expenditure and the 


receipts from the statistics is by using 


the totals; if these values are to be more 
thoroughly investigated they can always 
be subdivided locally, and the different 
‘periods be brought together (for the 
whole of the undertaking and for its 
parts). Here again, hypotheses are inevi- 
table, especially if there is question of 
distributing the receipts between differ- 
ent areas jointly concerned. 


te 
* 


The above review shows that railway 
statistics as usually established can be 
used in many different ways with a view 
to working the lines economically, but 
that for this purpose the cost price does 
not function in the same way in a classi- 


fication corresponding to the selling price 


(the rates }—owing to the special way in 
which it is caleulated—as it does, for 
example, in the case of mass production, 
but rather as some sort of check caleu- 
lation. The result is that in railway ser- 
vice it is very necessary to study the in- 
dividual operations along the line of pro- 
duction, i.e. to investigate the origin of 


= eee hans it pists ae Fela’ hee seat tine ta 
number of charges used for ‘determining eff 
which cannot be ¢ 


studying the « steam locomotives » 


and. 


deavour hereafter to use the statistics for 


ce 


test does not pretend to be compl if 
it shows in broad lines by means of iin 
statistics of several railways how to pro- — 
ceed and how to find the numbers which 

lend themselves to comparisons and ¢on- 
clusions. The 
of the ame should not heats nt 
difficulties. ats 


_ II. — The maintenance and use of 
locomotives as shown in the statistics. 
Before touching a financial matter of 

this kind, the importance of the subject 
relatively to the whole undertaking should 
be ascertained, and an endeavour made 
to learn the financial and technical re- 
lations existing within it. Only then 
can the information supplied by the sta- 
tistics take form and be used to get Av 
true appreciation of the facts. 


1. — The financial importance 
of rolling stock maintenance. 


The first coefficient is the proportion 
of the cost of the rolling stock to the — 
total capital cost. 
this capital is only known for a small 
number of railway companies : usually 


only the annual increases and reductions: 
under the different stock headings are 
recorded. Then too the fluctuations in — 
currency values in the post-war years has 
made it difficult to ascertain the true 
The method of giving the 


basic values. 


he application to other parts! ve ace 


The composition oft + 
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rolling stock numbers, showing the value 
of new purchases, and calculating the 
momentary value from the usual life and 
the part of this life already passed is 
practicable, but involves much work and 
is nonetheless based on estimations. The 
proportion of capital represented by the 
rolling stock cannot, therefore, be fixed 
in any general way. 


From the « Railway Returns of Great 
Britain », the va'ue of the rolling stock for 
the four English main-line Railways is 
15 % (*) of the capital cost; according to 
the « Relazione dell’ anno finanziario della 
Ferrovie dello Stato >», it is 17 % for the Ita- 
lian State Railways. 


In any case, the vehicles represent a 
considerable part of the capital, and the 
financial importance of this part is still 
greater because their life is shorter than 
that of the other elements which form 
a railway. 

On the other hand the proportion of 
the rolling stock maintenance costs (cur- 
rent maintenance and heavy repairs) in 
the total operating costs is generally 
known; it varies from 14 to 15 % with, 


in 1932, a minimum of 13.2 %, and a 
‘maximum of 19.3 % (in Japan it is only 


8 %). Table 1 shows under (a) the va- 
riations of this proportion for the 
Deutsche Reichsbahn, the English Group 
Railways (in common values), and for the 
Belgian, French, and Italian State Rail- 
ways. In the same table under (b) is 
found the part due to steam locomotives 
in the total rolling stock repair costs. 
In the case of the United States of 
America, the « Statistics of Railways », 
1931, show proportions which — includ- 
ing Pullman vehicles — are about the 
same. Wide variations between the pro- 


(*) Aceording to « Railway Economics » 
by FenELoN (London, 1932) it is only 13 %. 


portions shown on certain railways are 
partly explained by the way the annual 
accounts are prepared; but this is a ques- 
tion we cannot go into here. 


It is interesting to note that when electric 
vehicles are excluded, the remainder of ihe 
maintenance costs is divided between the 
passenger and goods stock in almost equal 
parts in Germany and England (10 : 10), 
whereas in Belgium (with 10 : 145) and 
the United States (with 10 : 24) the goods 
wagons are the more important, and in 
Italy, where there is much tourist traffic, 
the passenger vehicles (with 10 : 0.85). 


In the case of steam locomotives, ta- 
ble 2 shows under (a) the maintenance 
costs in the currency of the different 
countries, and under (b) the comparison 
of these costs with those of 1929, taken 
as equal to 100. 

The rolling stock repair shops absorb, 
according to the sources quoted above, 
about 1/10th of the capital invested in 
rolling stock, ie. 1.5 to 2 % of the whole 
capital cost. The annual repair costs re- 
present 75 to 100 % of the capital cost, 
whereas the ratio of the total expenditure 
to the total capital is only 1/7th. The 
shop facilities are therefore very inten- 
sively used. 

The cost of repairs to rolling stock are 
divided almost equally between staff and 
materials, as is shown, for example, in the 
report of the French State Railways. Na- 
turally the proportion varies in locomotive, 
passenger carriage, and goods wagon re- 
pairs; it also depends upon the design of 
the vehicles, the wages level, and the cost 
of materials, as well as upon the working 
methods. The average value however 
shows how large a proportion the cost of the 
staff and materials forms of the whole un- 
dertaking. 


The staff engaged on rolling stock re- 
pairs represents about the same propor- 


8 7%). 


To end this chapter we must point out p 


pair co a 
ie. reed 13 and 16 "% tin “poe only f 


that the maintenance of the rolling stock = ed 


naturally forms a greater part of the 
traction costs properly speaking than is 
shown by the figures quoted above, and 
probably reaches about 20 % for goods 
trains and 80 % for passenger trains. 


2. — The industrial, technical, 
and financial bases. 


The amount of capital invested as well 
as the maintenance costs vary with the 
total rolling stock, which =Bepene ss in 
principle, upon : 

a) the extent of the traffic and its. va- 
riations; 

b) the suitability of the design of ve- 
hicles to meet traffic requirements; 


c) the use made of the vehicles within 


the timings; 
d) the maintenance of the vehicles. 


a) The number of vehicles to fs ert 
ready for service is governed by the traf- 
fic variations (including peaks). The 
seasonal variations differ from one coun- 
try to another according to climate and 
the economic structure of the country, 
and as their extent is known from the 
statistics, they can be counteracted by 
suitable rating measures. The peak load- 
ings must be estimated by experience, in 
conjunction with changes in the national 
economy, and be used as the basis of the 
annual budget. The evolution which has 
taken place during recent years must also 
be taken into account, as it forms an 
essential factor in preparing the pro- 
gramme of new purchases (selection of 
the type and number of vehicles to be 


_ purchased). 


view ae ah ne receive attention wh 
deciding to increase the power of 

locomotives and the carrying capacity o: 
the passenger carriages and goods wa- — 


gons; these increases may offer ae 


fages when the traffic is heavy, but when 
it is not, the motive power and the trans- 


port capacity available may be excessive — 


without reducing the number of vehicles — 
to be hauled, with the result that the fi- 


nancial efficiency of me motive power — 


falls off. 


c) and d) The timetable, as expressing 


the traffic requirements, and the stock of 
vehicles, i.e. the number and type, supply 
the basis for using the rolling stock eco- 
nomically, this term covering the use of 
the vehicles and their maintenance in 
good order. ; 


ie 409% 


F 
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The user of the vehicles depends ape 


the vehicles being properly selected for 


the different kinds of service, as well as 


upon their being ready in sufficient — 


time. It also depends upon the super- 
vision as to the suitability for the service 


of all the vehicles required, i.e. that they 


are maintained in good order. Wise allo- ¥ 
cation of vehicles to cover the wor ae 


(plan of rotation), the reduction of the 


time required for working purposes (in- 
repairs carried out — 


cluding turning) 
promptly and well in the maintenance 
shops, the formation of a reasonable re-_ 
serve of vehicles in good running order, — 
and suitable for many purposes, are 


. a. Ki , , a 
ia ) 


s 


- 
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needed to work the traffic with a min- 
imum of stock. 

The object of maintenance is to re- 
pair all parts of the vehicles so that when 
given regular attention by the services 
using them, they can meet requirements 
during a certain period. The quality of 
the work done, in conjunction with the 
quality of the ordinary repairs, affects 
the frequency with which vehicles are 
stopped for repairs; the frequency and 
the duration of the repairs affects the 
number of spare vehicles, and conse- 
quently the amount of stock and the size 
of the workshops for dealing with it. 


There is therefore a very close relation 
between the user and the maintenance, 
as regards the working and finance; 
close collaboration between the respon- 
sible authorities is first of all necessary 
as concerns : 


the division, as regards the time, of the 
work to be done on the vehicles, so that 
such repairs are done when the traffic is 
light, to ensure having the greatest possible 
number of vehicles available for service 
when the traffic is heavy; 

the material division of the work to be 
carried out on the vehicles, so that the 
ordinary running repairs to maintain the 
vehicles in good order fit in with the 
heavy repairs carried out periodically in the 
main workshops, as dictated by experience 
and the regulations. 


The distribution of the work between 
the outside repair shops and the main 
workshops varies on the railways con- 
sidered here. In Germany, for example, 
the outside repair shops are only respon- 
sible for running repairs, whereas in 
Italy and France they also carry out 
medium repairs or periodical overhauls 
(shown in line 2 of the table in the 
following chapter). In these two coun- 
tries the equipment and shop methods 


in the repair shops have been developed 
accordingly, as the central workshops 
have only to deal with heavy repairs, 
general overhauls and rebuilds. 

These details of organisation will not 
be taken into account below, but the re- 
sults obtained in locomotive maintenance 
will be considered as a whole. Conside- 
rations of principle show that the two 
services, user and repair, both contribute 
their part in the final result. 


IiI. — The results according 
to the statistics. 
(Steam locomotives ). 


The statistical results should be con- 
sidered from the points of view from 
which the maintenance and use of the 
locomotives have been methodically deve- 
loped in recent years on all railways. 
These points of view are the following : 


A. Intensified use of the locomotives; 
B. Systematic locomotive maintenance; 
A and B. Common measures. 


The characteristic ratios by means of 
which we propose to show the develop- 
ment in question depend upon the nature 
and the size of the undertaking. It is 
therefore necessary, when dealing with 
them, to take into consideration : 


a) the nature, varying with the service, 
of the mileage run by the locomotives, re- 
presented by the proportion of the locomo- 
tive-miles run on express trains, on ordinary 
passenger trains, and on _ goods trains, 
assisting or pushing service, light engines, 
station shunting, and other miscellaneous 
mileage; ‘ 

b) the volume of work done during the 
period considered, represented by the total 
number of locomotive-miles run. 


a) If we take the average locomotive 
mileage per unit of time or per locomo- 


eh |e 


tive, Te Wes of the ans 


important. We must not | 
the general practice 
accessory mileage of the locomotives 


latively to the useful mileage, so as to 
make better use of the engines, but on 


the other hand, because of the financial 
crisis, the goods traffic, i.e. the influence 
of slow trains has diminished more 
appreciably than the passenger traffic 
with its faster trains. 
different countries the difference of the 
ratio of the classes of trains between 
themselves has considerable importance 
as regards the mileage. 

In table 3 below for simplicity only 
the proportion of useful locomotive-miles 
in passenger and goods trains in terms 
of the whole of the locomotive-miles 
[in (b) and (c)] as well as the total. 
number [in (a@)] is shown. The remain- 
der, that is 100 — (b + ce), continues to 
decrease steadily not only because it in- 
cludes station shunting which may be up 
to 100 % of the useful mileage of goods 
trains, but also through the successful 
reduction in the Eacamnaliae accessory 
mileage. 

On all railways — with the ate palit 
of F (France) — the proportion of goods 
train locomotive-miles has fallen in fa- 
vour of that of the passenger train-miles, 
which would seem to indicate that. the 


‘increasing effect of faster trains will pro- 


duce a greater average annual locomotive 
mileage. 


b) The use made of the locomotive 
can only be judged in connection with 
the general situation. It is clear, in fact, 
that it is much easier to plan an econo- 
mical organisation when it is possible to 
foresee the evolution of the position, and 
the more stable this is. In addition it 
is possible to work the more economi- 
cally the denser and the more varied the 


to reduce the 


we mathe get 


In comparing the 


and Belgium (in England only the gross 


fone an + economical pe 
the fixed charges Gi 
amount and harmfulness as the ~ 


Aieee Bias Batecaiiy ‘talent off in oe 
years considered must be allowed ie 
[Table 4 under (a)|. Against this, the 
load hauled = ee sr ile and aa = 


Mig our 


of the esata ‘following tha aie? 19, 
ments in the locomotives. The highly 
industrialised countries, such as Germany 


ton-miles are known) are an exception to 
the rule as the gross ton-miles have fallen 
off more seriously than the locomotive- 
miles. Germany, however, showed in 
4933 an increase in the gross ton-miles, 7 
whereas the locomotive-miles continue _ 
to fall. “ 
We can now nica’ how we are to 


see that the rolling stock has boon used 


economically, = Sar’ 
Aj Jdncrease..in the sera" 
Before any judgment can be formed on — 
this question, the use made of the loco- 
motive stock and the results obtained — ~e 
must be examined. = ee 
From the stock position we find feat 
of all the number of locomotives out of — 
service, as surplus to requirements; it — 
is most important financially to decide 
the stock really necessary for the service 
and to adjust it to the volume of traffic 
as the latter falls off. Otherwise there 
is the possibility of having an excessive 
number of locomotives, and of different 
types, which leads to the individual lo- 
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comotives being badly used and an un- 
necessarily high number being repaired. 
The classes uneconomical in service and 
maintenance under the new traffic con- 
ditions are now withdrawn from service. 
First it is considered good practice 
to use them until they are no longer 
suitable for the work or until due for a 
periodical repair, so as not to incur re- 
pair costs uselessly (especially as after 
having been out of service for some time, 
they must still be passed through the 
shops before being used). 

Part of the stock really required is 
fit for service and part is stopped for 
repairs in the main shops and running 
sheds. Such data are reproduced in the 
form of annual averages (arithmetical 
average of the days stopped). 

The number of locomotives really in 
use, including those which are in re- 
gular reserve, is a most important figure 
in this investigation. These engines are 
designated by the terms « benutzte », « in 
use » or « in traffic », « en service jour- 
nalier ». The number is generally found 
by dividing the time in service (days or 
hours) by the total time. The ratio of this 
number to that of the locomotive-miles 
will give the coefficient of locomotive 
use (— annual distance run by a loco- 
motive in regular or daily service). 

When this number has not been cal- 
culated for each class of train, and is 
the average value, as in our case, the 
differences in the kinds of trains run, 
as shown in table 3, must be taken into 


account. The coefficients are shown in 
table 5. The general tendency towards 
better utilisation is all we are able 
to show. No comparison can be made 


between the different railways, because 
the basis of the calculations, especially 
the number of locomotives considered, is 
possibly different. Some railways have 
supplied the coefficients themselves; in 


some cases we have had to calculate the 
number of locomotives in service, and 
the number obtained may be rather too 
great and the mileage indicated too 
small through insufficient data. 


A remarkable kind of coefficient showing 
the use of locomotives is given in the Bri- 
tish Railway Returns. The use is classified : 

by time, shown by the engine-hours in 
traffic per day and per engine in use, and 

by distance, shown by engine-miles per 
day per engine in service. 

The two coefficents are given separately 
for weekdays and for Sundays. The general 
considerations developed above show that 
the first coefficient (weekday) has declined 
through the crisis (1929: 12.07 hours; 1932: 
11.08 hours), whereas the second has increas- 
ed, mainly because of the higher proportion 
of fast trains (1929: 100.02 miles; 1932: 
102.99 miles). These remarks only apply of 
course to the averages for the four com- 
panies. If considered separately the va- 
riation differs because the ratio of the mile- 
age of passenger trains to that of goods 
trains has changed differently. 

In addition, other coefficients given are 
mainly affected by changes in traffic con- 
ditions, namely the ratios of the train-mile- 
age to the train-hours and locomotive- 
hours, goods trains and passenger trains 
being dealt with separately. At the same 
time, these numbers are a valuable addi- 
tional method of appreciating the coefficients 
of the use made of the locomotives. 


B. Systematic repair work. 


There are two main aspects to be con- 
sidered : 

The organisation of the repair work, 
covering : 

the definition of the kind of damage for 
the machine as a whole and for its com- 
ponent parts; 

the preparatory work of getting out the 
work programmes and distribution (includ- 
ing the tools and equipment to be used); 


lity of ae Roth os means of notes o l 
=. nature of the defects, when they were re- 
: paired, the time in service, and the be 
since the last repair; ; 

- the control of the financial result by 
ae means of notes on the total repair costs — ae 4 : 

: -during one maintenance period, ie. during ntenance a asa whole, ¢ ca 
the time that has elapsed between two ee the statistics, on the a 


ae repairs relatively to the mileage run in this 

S "period. 

osiabt ies, ‘repairs 

oF The above is an essential mondifiae and = this perio od. 
a basis for the second main aspect, the To start with, the types of pairs 
systematisation of the return of the en- on the railways in question m 

: ginesto the works, according to the time defined, and the names used by the aa 2 

- and nature of the repair. railways. As detailed information on the — a, 


Whereas formerly locomotives’) were extent of the operations is rarely g given, cl 
brought into the shops when, from obser- and as the organisation differs, an “ ; 
vations in service, they were found to be approximate agreement is all that can be 

a unsatisfactory as for example owing to ex- expected. The types of repairs shown 
cessive fuel consumption, a programme is along the same line in the following 
now got out which prescribes for each en- table probably correspond to one e another. <f 


Kind 
of 


; Germany. England. France. — 
repair. d 


Havptunge’’ | Heavy repair. [Grande réparation. 
Moyenne 
réparation. — 


Zwischenun- Tees : ; : 

Light r r j Levage. 
tersuchung. ght repair. LOVaee 
Zwischenaus- Revision 

besserung. intermédiaire. 


Riparazione 
importante ~ 
o piccola. 


bs Running repair 
Betriebsaus- fs and shed 


~~ besserung: 


Revision Revision 
dans les dépdéts. | dans les dépéts. | 


examination. 


1) Coefficients of the frequency culation ignores any transfers as between 
; of repairs. spare locomotives and those in sorieetel ar 
P The increase in the frequency can there- _ 


To find this coefficient, the ratio of fore indicate that a greater number of — 
the number of repairs to the number of locomotives has been withdrawn from 
locomotives in use is calculated. The the reserve, sent to the shops for repairs, — 

; result is entered in table 6. This cal- and then returned to reserve, so that the 


* ‘ ' J 


hase 
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average age of the latter has been reduced, 
or in the inverse case increased, as we 
showed in the April 1934 number of the 
English edition of the Bulletin of the 
International Railway Congress Asso- 
ciation. 

We will deal with other uses of this 
coefficient later on under heading (3). 

In the case of railways which include 
No. 3 repairs in their programme and 
publish numerical data on the subject 
(Germany, Italy), table 6 gives a coeffi- 
cient of 1.20; in other words 120 % of 
the engines shopped have received a No. 1, 
2, or 3 repair. In the case of the four 
English main-line Companies, the average 
has fallen during the last five years 
from 98 to 93 %, evidently as a result 
of No. 3 and 4 repairs not being shown 
(and therefore not revealed by the sta- 
tistics). The ratios of heavy repairs to 
intermediate repairs have remained al- 
most the same for all the companies 
taken together (1.06 in 1928 and 1929, 
1.045 in 1932); they have varied so much 
between the English railways, however, 
that they would have to be studied in 
detail and not in averages. The French 
State Railways started, in 1931, to give 
an intermediate repair and the coefficient 
changed from 65 % to 86 % in 1932. 
In Belgium the figures given as to No. 4 
and No. 2 repairs only enable us to get a 
coefficient of 70 % in 1932, and 65 % 
in 1933. 


The Reichsbahn gives figures of its repairs 
programme in the annual accounts (for 
example in 1933 the ratio of No. 1 to No. 2 
repairs has become 1 to 1 as desired), as 
does Ktune in his work « Erhaltungswirt- 
schaft » (Economics of maintenance), Berlin 
1933 and his articles in Die Reichsbahn. 

As regards Italy, readers are referred to 
the remarkable comments given in the re- 
ports on the 1931-32 and 1932-33 workings, 
as well as FANELLI’s article in the Rivista 


tecnica delle Ferrovie Italiane of the 15th 
November, 1933, and in the case of France, 
the report on the 1932 working, page 126. 


If the rhythm as regards time of the 
different classes of repairs is to be 
known, they must be shown separately 
with their numerical values, as is almost 
always done for No. 1 and 2 repairs, and 
is now being done in France and Italy 
for No. 3 repairs. 


2) The results from a working point 

of view. 

These results are checked from the 
mileage between two repairs. We will 
examine under heading (3) the relation- 
ship with the annual mileage, limiting 
ourselves for the moment to explaining 
the different ways of arriving at and sub- 
dividing these two mileages. 

The annual mileage is calculated from 
the total mileage and the number of loco- 
motives employed, and so can only be 
subdivided among the kinds of service 
(express trains, ordinary passenger 
trains, goods trains, etc.) so far as the lo- 
comotives are used exclusively for one 
class of service, and therefore can be 
shown against the corresponding number 
of miles. Unlike this calculation of aver- 
ages, the figures of time and mileage be- 
tween two repairs are taken from the re- 
cords kept for each locomotive and con- 
sequently can be grouped by classes of 
locomotive and by kinds of working so 
far as the engines are used exclusively for 
one single kind of working, with a view 
to ascertaining the average values. This 
point is important because here again the 
number of classes of locomotives and 
mixture of kinds of work decide the aver- 
age value (see comments on table 3). In 
table 7 we only show the average values 
because they are known for all the rail- 
ways (England excepted). 


For internal purposes, the Reichsbahn 


- The average value for Aine classes" 


gets out the 
classes, as Kine 
his book « Erh 


comotive history cards | 


kinds of working is the only one 


ways. On the other. hanc 
« percorrenza fra 2 riparazioni » (mileage 


between two repairs) for 6 kinds of workings 


and the general average, while Belgium adds 
the estimated results as given in the pro- 
gramme. > 
The British railways do not give any 
information on this subject (*). 
In order to show the line of evolution for | 


these companies as well, we have calculated m 


from the numerical data published for the 
four companies, the average mileage be- — 
tween two repairs (1 and 2 together) in the 
following way: we have found for two 
consecutive years the average annual mile- 


age from table 5 and for the third year 


considered the ratio—engines in use: heavy 
and light repairs—. The product of the 
two values probably represents approxima- 
tely the mileage between two repairs. As 
the numbers of No. 1 and No. 2 repairs 
are about equal, the mileage between two 
No. 1 repairs ought to be about twice the 
value obtained. 


Table 7 shows that the coefficient of 
the result obtained in service generally 
speaking increases so that the number 
of No. 1 and No. 2 repairs ought to fall 
proportionately. In order to safeguard 
the position both as regards repairs and 
service, intermediate periodic repairs 
such as No. 3 are given after a certain 
time or mileage. 


3) Relation between the mileage « per 
annum » and « between two repairs ». 


The use of the statistics, especially in 


(*) Our information is from the Railway | 


Returns ; we have no knowledge of the diffe- 
rent companies’ own reports in which pro- 
bably further information is to be found. 


Ttaly_ gives the | 


ac rately, as it is 
recorded for 


reais runs a ace mile ee oef- 
2, See 
tigen peppers to andlesion et rinpneet S29 


ries. day, ee RD is rae reason fare 
we took the number of engines used. as “4 
the starting point. = 

It is impossible, therefore, to tail 34 
any direct relation between the mileage — es 
run in one year and that between two re- _ a 
pairs, with the object of finding out how 
many times and. after what period on sae 
the average the engine is brought in for 
repairs, but the number of locomotives: 
concerned must be taken into account. = 
at the same time. ; ; 


The following example shows this 4 - 
figures selected from the statistical Te 
turns : an : ¥ 

Let us suppose the number of Wcornptives—™ aie 


available for use includes as reserve, for — Fal 

peak loads and unexpected demands, ‘some a 
2 % of the total stock of engines against — 
88 % in service or a surplus of bis ies % 


re 
= 13.7 %. t ag 


“The average mileage given od the ioe Z 
oat we 


A, 
_—— 


tistics perlades ica ae run sa locomotives 
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a No. 1 repair involving six weeks out of 
service and a year later a No. 2 repair re- 
quiring four weeks, and if two weeks are 
required for a No. 3 repair in each of the 
two years of a maintenance period, the total 
loss is 6 + 4 + (2 * 2) = 14 weeks, or 
over the two years 14 x 100/2 X 52 
= 13. %, corresponding to an addition of 
13.5/0.88 = 15.3 % in the number of loco- 
motives in service. 

The annual calculated distance run by the 
locomotives in service, therefore, is distri- 
buted over a surplus of 13.7 + 15.3 = 29 %. 
Instead of the distance amounting to 58 000 
km. for example, it would only be 58 000/1.29 
= 45000 km., for each individual engine 
concerned. If the distance run between two 
repairs were fixed at 56000 km. (the num- 
ber of No. 1 and No. 2 repairs being taken 
as equal) the repair period is 56 000/45 000 
= 1.24 years counted from going into service 
after a No. 1 or 2 repair until it is again 
returned to service after another such repair, 
ie. including time out of service for repairs. 
Each engine in the group to be maintained 
would have to be given a No. 1 or 2 repair 
on the average about every 15 months. If 
15000 such repairs were given in a year, 
they would have to relate to a stock of 
15000 x 1.24 = 18600 locomotives to cover 
the working. 


In addition to the numerical ratio be- 
tween the annual mileage and the mileage 
between two repairs, this example pro- 
vides bases for appreciating the statis- 
tical results and for studying the pro- 
gramme. The programme ought to start 
with the locomotive workings and the 
desired use (annual mileage) to be made 
of the locomotives in service. By means 
of various additions (the significance of 
which — spare stock, period out of ser- 
vice — is clearly shown), we get the 
number of locomotives required, their 
average mileage, the length of a repair 
period, and the number of repairs to be 
estimated. This number multiplied by 


the mileage between two repairs should 
be compared with the total locomotive- 
miles (say the average for the two pre- 
ceding years) to make sure that the miles 
corrected by the repairs correspond to the 
service mileage (*). In this case, and 
generally when using the calculations in 
practice, the changes in the locomotive 
stock by new engines added, by engines 
scrapped, or by engines put into reserve, 
fit or not fit for service, and in addition 
alterations in the traffic as regards the 
kinds of service and the timings, must 
be taken into account. 

The calculation is simpler and more 
certain when the average length of a re- 
pair period is known. This can be ascer- 
tained from the notes kept for each loco- 
motive as regards its mileage between 
two repairs. Nonetheless the method of 
calculation given above retains its useful- 
ness in each case, as it provides a means 
whereby the details of the economical 
working of the locomotives can be ascer- 
tained. 


4) The economic results. 


The repairs of the locomotives are a 
factor of the traction costs and are closely 
connected to the other factors: capital 


charges (number and value of the loco- 


motives), staff expenditure, and con- 
sumption of stores (fuel, water, lubri- 
cants). Information on many of these 
factors is to be found in the published 
returns so that it is quite feasible to 
build up the average traction costs (**). 
We will deal here with repairs only. ~ 
An increase in the mileage in a year 
or between two repairs does not neces- 
sarily mean an economic improvement, 


(*) Bulletin of the International Railway 
Congress Association, April 1934. 
(**) See Srupent: Die Reichsbahn, 1930, 


No. 25. 


x pair costs during 
increase so much that the « 
unit in service becomes highe 


as the costs 


people think there is an optimum 
which limits the mileage. In the 


of the individual engine the limit can 


be found from the notes kept for the en- 


gine (see Engine history cards, of the # ‘th 


London Midland & Scottish Railway, pu- 
blished by Homberger in-« Wirtschafts- 


_fiihrung und Finanzwesen bei der engl. 


Kisenbahnen » (Ecomical and financial 
organisation of the English railways), 
Berlin 1928, appendix 8a; see also infor- 
mation given by Kiihne in « Erhaltungs- 
wirtschaft », Berlin 1933 p. 453). The — 
Whole of the costs incurred during a 


repair period must be brought against 


the mileage. At the same time, it is 
useful to “fix the length of a period, as 
the basis for the capital charges. 

We have no knowledge of any compi- 
lation of economic coefficients of this 
kind. In order to compare the service 
results so far caleulated over the same 
series of years with the economic results, 
we give in table 8 (under a) relatively 
to the gross-kilometres of the steam lo- 
comotives, the total annual repair costs of 
these engines as published in the sta- 
tistics. : 

Of all the values given in the statistics 
this ratio expresses most exactly the real 
work done by the locomotives and more- 
over is given by all the railways we are 
considering, with the exception of the 
English. To give a complete idea of the 
question we also show in the same table 
under b) the ratio of the costs to the 
total locomotive-kilometres. 

Table 8 shows a general reduction in 
the costs per gross tonne-kilometre. As 
regards the exceptions and fluctuations 
from year to bint it must be realised 


we with a Billing off ; 
inversely can lead to a 
of locomotives if it is 
unexpected increase in tr 

greater demands on the locomotive st 
A broad outlook when getting out the re- 
pair programmes in view of the general — 
economic developments is therefore Te- 
quired if the Traction Department is to a 


be organised on economic lines. For the a 
same reason, the economic results must 
not be considered separately, but as a 4 
whole over a series of years and in ree 
lation to the causes to which ha are a 
due. . ae 
This being admitted, the repair Saar a 
related to the gross ton-km. should be 
used as the check figure, the final purpose ¢ 
of which is to sum up the effects of the af 
different measures taken in connection 
with the repairs and use of the loco- A 
motives. « 2 
is é y i 

IV. — Conelusion. +3 

~The following are the general condi- = 


example given above to illustrate the prin- 
ciple of the economic use of statistics. 


The technical, industrial, and economic — 
data on which the statistics are based, Ae 
which for practical reasons must be 
respected in all the measures adopted, 
must remain discernable as far as possi- . 


tions to be drawn from the practical — ‘ ; 
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ble in the compilations of numerical data, 
and not be rendered invalid by wrong 
compilation or by regrouping the nume- 
rical values. 

All the values required to show the 
mutual relationship between the various 
figures and therefrom the connections 
and guiding ideas, must be indicated 
from the original figures on which the 
railway statistics are compiled until they 
are merged in the general statistics. 

The statistics when properly used 
should enable such important questions 
as the effect of reorganising the work- 
ing both technically and financially to 
be answered, that is to say, such questions 
as : 


What has been the result of such and 
such a measure? 

In that direction will the result of a 
measure introduced be seen from the 
available statistics? 

To attain these objects as clearly as 
possible, we must proceed as follows : 


1. Preliminary investigation. 


We must begin by calculating the ra- 
tios which denote the economic connec- 
tions of the services and enable us to 
see the results of the organising, working, 
and economic measures taken. 


2. Application, 


The values of the ratios must be se- 
lected in accordance with the investiga- 
tion mentioned above. 


3. Comparable resulis. 


The notions on which the statistical 
results to be used in the investigation 
mentioned above are based must he 
clearly defined and employed in the same 
way. 


4. Delimitation. 


It will be found convenient to delimit 
the local and logical zones represented 
by hypotheses of the same nature for 
the relations to be studied in each parti- 
cular case (hypotheses relating to the or- 
ganisation, to the technique of the traffic, 
and the working) in order to show more 
definitely the relation of cause to effect. 


* 
* * 


Provided these conditions are fulfilled, 
the present statistics provide, for their 
use in order to get economical operation, 
a good basis which also lends itself to 
comparisons. 


(See tables 1 to 8, pp. 1348 to 1352.) 
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TABLE 1. 
The percentage of the maintenance costs 


a) for all vehicles to the total working costs. 
b) for the steam locomotives alone to the maintenance costs of all the vehicles. 


-— — | 1928 | 1929 1930 | 1931 | 1932 | 1933 = . 
| | | | ; 
Bares. | 
a) 15:9 1246.0, {15255 43 18) aliSs2) | seo 
G | Deutsche Reichsbahn. 
* + py 48:5 |}5000'} 47.5") 46,6qea70 | 465 | ee | 
| a) | 44.4 | 445 | 14.6 | 44.2 |-43.7 | uy 
E Che 4+ British Group Railways. 
b) | 52.0 | 54.7 | 50.7 | 50.6 | 50.7 
| 
| | | 
| a) 46 0 | 18.6 | 20.0 | 19.3 3e | 
F | | French State Rys. 
b) | .. | 42.6 | 40.2 | 40.5 | 43.4 | 
| | | 
O) NAST A278 4s. 8 ede Omit Se des 
B | ies Belgian National Rys. Co. 
b) | 46.5 | 48.7 | 55.4 | 51.6 | 52.5 | 54,8 
| | | 
a) ' 416.9 | 16.4 | 15.2 | 44.9 | 14.4 | Italian State Rys. 
T : , 
89.5 4-38-80 Bol 38.3 | i (1929 corresponds to financial 
b) si 8 8 | 38 44.0 vear 1928/29.) 


TABLE 2. 
Steam locomotive maintenance costs 


a) in millions of the respective currencies, or in thousands of £ for England. 
b) as a percentage of the basic year : 1929 = 100. 
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TABLE 3. 
Distances run by steam locomotives 


a) Annual distance in millions of kilometres or miles. 
b) Distance run by loaded passenger trains 


ce) Distance run by loaded goods trains as_opercemiaye O72). 


843.6 4 
43.6 A 
28) i 


i: ie Returns C No. V (A) Ind. No. 1-54. 
“piteia (All British standard-gauge lines). | 


TABLE 4. 
Distances run by steam locomotives 


as a Y compared with the year 1929 : a) Locomotive-km.; b) Gross tonne-km., 


_— — | 1928 1929 ~~ 100 °/o 1930 1931 1932 | 1933 
| | | . ic ee 

G | 96 956.4 mill. km. | 94.5 88.8 82.3 81.6 
: b) 97 257 209 mill. gross tkm. | 87.5 78 69.2 71.8 
: x a) | 98 886 mill. km.  OnK8 93.5 | 90.4 
5 b) - a tee ee & 
| 
, F a) 96 83.2 mill. km. | 405.5 104 96 
: b) 95 24000 mill. gross tkm. 106 407 99 
. | | | 
4 | B a) 93. | 107.2. mill. km. 97.5 87.5 77.5 84 
: b) 93 | 32888 mill. gross tkm. 94 84.5 70.5 69.6 
H 

s) ia) | doe 160.4 mill. km. 102 91.5 | 84.5 | 87.4 

} rat 35.698 mill. gross tkm. 6 : 
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TABLE 6. 
Number (N) and frequency (F) of repairs. 


1930 1931 


Figures taken 
from KUHNE’s 
« Erhaltungswirt- 
schaft », Berlin, 
1933. 


According to the 
report, the num- 
ber of lifts increa- 
sed considerably 
in 1930 and 1931 
in preparation for 
the introduction of 
systematic repairs. 


A50 
708 


4 158 
682 


924 
4 800 


3 406 


TABLE 7. 
Mileage of steam locomotives between two repairs (in kilometres), 


—| 1928 | 1929 | 1930 | 1931 | 1932 | 1933 | = 


a! 94600 | 96 000 | 403 000 | 443 000 | 417 000 | 4147 000 oe eet (No. 1) 


| 
Calculated (see the text) in 


E ae 54 400 52 100 55 000 55 500 common for Nos. 1 and 2. 


Between lifting engines 
at the sheds. 


Between two intermediate 
repairs. 
Between we heavy repairs. 


F | 49 477 | 52 066 | 50563 | 53 515 | 53 786 


) 
a 

Bp} of 931 | 54 859 | 57 570 | 59 984 | 59 487 | 66 514 
122 068 | 126 964 | 182 360 | 144 537 | 143 254 | 441 442 


I 


43 791 | 46 470 | 52 465 | 59 292 | 10 364 


Between two repairs, 
including lifting. 


XI—7 


 ABRe 


TABLE 8. 


Cost of steam locomotive repairs (in the currencies of the respective countries). 


a) per 1000 gross tonne-kilometres. 
b) per 1000 locomotive-kilometres. 


5.02 7.10 7.70 8.04 - 
4 700 2 060 2 280 2 380 


5 85 7.92 8.50 8.10 6.46 
4 790 2 370 2500 2 270 1 720 


7.20 6 67 6 05 5.92 5.42 
4 600 4 525 1 425 1 360 4 285 


Applying the German conversion factor of 1 hour = 7 km. for shunting work, the following 
values are obtained for b) (costs per 1000 locomotive-kilometres), see the remarks in 


table 5. 
— _ 1928 | 1929 1930 | 1931 | 1932 | 1933 
E b 12.5 12545 41.9 1 d25 10.7 

B b 4 465 4 595 2 140 2 260 2 080 4 585 


I b 1 835 1 565 { 490 1 385 1 330 4 260 


general Sinprayements at 

Baltimore, and _ other 
aise Rcinks on its heavy-traffic line 
between New York and Washington, 
oD; C,,the Pennsylvania, on March 24, 
aompieied and placed in service the first 
stage of an extensive passenger station 


"project at Newark, N. J., a city of 
450 000 population at the western gate- 


Fig. 1, — The Pennsylvania’ s modern station at Newark, N. J., 


at Newark, N. ae 


= : to. Peeticaas: Age.) ? ra 


close co-ordination with trolley bus, 


way to the metropolitan area of New 
York. This project, which was started c 
in 1929, not only includes a modern 
passenger station, but also provides for 

taxicab and private vehicular traffic to 3 
and from a wide contiguous territory, 
and effective and convenient transfer of 
Pennsylvania traffic to and pon lower = 
Manhattan. 


which co-ordinates railway, 


' : rapid transit, trolley and bus services. 


mh The Newark project includes a new 
passenger station, with eight tracks and 
ee six platforms; the construction of 
-.... approximately 1400 feet of steel and 
- concrete viaduct carrying six to eight 

tracks; three vertical lift bridges over 

the Passaic river, one carrying three 


tracks, a second carrying two tracks, 
and the third a single track; the com- 
plete resignaling of the new station area, 
involving a new interlocking tower with 
a 155-lever machine; and such other 
related changes and improvements as 
the construction of a large express buil- i 


Raymond Plaza East 


ding and the relocation and enlargement 
of local freight facilities. In conjunc- 
tion with these improvements by the 
railroad, the city is widening or other- 
wise opening up street areas leading to 
and extending ‘about the new station 
area, and is carrying its new trolley sub- 
way to a terminal directly beneath the 
station. : i 


In the first stage of the work, which 
was confined in scope because of the 
location of the existing tracks and an 
old river bridge, the major facilities 
completed and put in service include the 
station headhouse with three elevated 
tracks and two platforms, and an ade- 
quate length of train concourse to serve 
the three tracks; the three-track lift 
span bridge, the new express facilities, 
and as much of the signaling and inter- 
locking work as the present new track 
facilities require. All of these facilities, 
with the exception of the bridge, are 
described in this article. The remain- 


ing work to round out the complete 


project at Newark must of necessity 
await disposition of the old facilities, 
which, because of their extent, presents 
a sizeable project in itself. 


Operating conditions to be improved. 


The Pennsylvania passes through 
Newark in a general east and west direc- 


b Ct _] [mei ee ae a 


tion, and in the old arftdngenentt tinal 
four tracks, except directly through the 
station area, where there were only 
three tracks. All of these tracks were 


elevated on an embankment retained by. 


heavy stone masonry walls, and were 
carried across streets on half-through 
girder bridges. The station itself, a 
two-story brick structure with two 
elevated platforms serving only the out- 
side tracks, was located on an irregular 
plot of ground on the north side of the 
right-of-way, with frontage on Market 
street, one of the important streets of 
the city. Approximately 1 300 feet east 
of the station, the tracks crossed the 
Passaic river on a’ two-track swing 
bridge and then continued to a four- 
track layout at Manhattan Transfer, 
about a mile east of the river. 
Manhattan Transfer is the point of 
divergence of the road’s service to its 
main station in mid-town New York and 


to its station at Jersey City, N. J., and 


also the main point of interchange to 
and from the road’s rapid transit con- 
neclion direct to lower Manhattan via 


the Hudson & Manhattan Railroad. Eyer 


since the Pennsylvania’s entrance to 


mid-town New York, practically all pass- 


engers to and from down-town New 


York, via the Hudson & Manhattan, have 
changed trains at Manhattan Transfer, 


which was exclusively a transfer point 


in open meadow country, originating no 


va 


“ ar 


Se 


. a 
Se 


~? 9) 


‘1, 
ae 


7m 
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a 


* 


SGT 
ae 


es Beyond this point, the rapid 
transit trains from lower New York 


ewark, a rapid Ue terminal located 


: i nsylvania’s Saket Revett station. 
Png Until the electrification of the Penn- 
a “ _ sylvania’s | service from New York to 
; _ Philadelphia was completed in January, 
Pea - 1933, Manhattan Transfer served also as 
. 
. 


ss the point of change between steam and 
electric operation, which necessitated 
train stops at this point. With through 
electric operation, this condition no 
longer exists and gave rise to a plan 
5 to extend the rapid transit lines directly 
, into the Market Street station at Newark, 
and there effect all ‘transfer of pass- 
ss engers, thereby eliminating the necessity 
for the extra train stop at Manhattan 
a Transfer. This plan was incorporated 
peek ic in the general Newark improvement 
es project, so that when that project is 
#? _ finally completed, Manhattan Transfer 
z can be eliminated, with increased effi- 
i ciency in service and greater conve- 
nience to the traveling public. This 
phase of the improvements at Newark, 
ss which will involve two rapid transit 
& tracks at the new station, is still to be 
. - completed, along with a plan to extend 
e . the rapid transit tracks approximately 
--~—s«4:«1/2 miles west of the station on an 
: elevated structure, parallel with and di- 
_—— rectly north of the existing Pennsylvania 


. 
*. 


ntinued to Park Place station in 


aT Fe 


Raymond Plaza West 


main tracks, to a new el station or 
terminal at South street. 


Station is attractive and well located. 


In the improvements at Newark, the 
right-of-way, as narrow as 56 feet for 
a considerable distance east of the old 
station, has been widened generally to 


_the north through the city, and, through 


the new station area, has been widened 
to both the north and the south, to a 
maximum width of approximately 240 
feet. As a result, with only the necessity 
for cutting off a section from the rear 
of the old station, adequate space was 
afforded for the construction of three 
of the new station tracks and passenger 
platforms, while maintaining in service 
most of the old station and its platforms, 
and the three existing tracks. It also 
permitted the construction of the new 
three-track lift span bridge immediately 
north of the old swing bridge, so that 
when the first stage of the improvements 
was put in service, the railroad had, 
except as regards the number of tracks 
directly at the station, greatly enlarged 
facilities over the old arrangement. 
The new station building, with taxi- 
cab space at one end and bus space and 
a subway trolley terminal at the other, 
is located on the north side of the 
widened right-of-way, in the two blocks 
immediately east of the old station. It 


: fronts directly on Rae 
_ a thoroughfare 125 feet i 
, onuecis Pasir: Market cee. at 


+e 


ince more oa. hosaeainig to 
cular and pedestrian traffic than th O 
station. 4 

The station, Shien is a uieal and 
masonry 
Indiana limestone above. a pink gra 


base course, reflects the classical styl e 
of architecture and is modern in pat ae 
appearance and arrangement of facili- 


ties. It is 302 feet long by 79 feet deep, 
and rises to a height of 51 feet above 
the surrounding street level. The front 
facade presents a rythmical procession 


of square pilasters between a series of 


high window panels, interrupted only 


by two large archways of pink granite, — 
_ which ornament wide entrances at about 


the third points in its length. 
The frieze of the cornice surmounting 


the main facade is embellished only by - 


a series of carved limestone panels, 


except directly over the entrance arches 
where, in each case, the otherwise plain 


skyline is broken by a projecting decor- 
ative motif inset with a large illuminated 
clock in one case and a zodiac in the 
other. A feature of the exterior is the 
consistent use of satin-finished alumi- 
num for window frames and mullions, 
and as a weather-resisting ornamental 


covering of the broad marquees which 


afford protection at the entrances. 
Beyond each end of the station build- 
ing proper, the elevated track and plat- 
form structure, which .is of structural 
steel with a concrete deck, is hidden 


from view above the deck level by a 


curtain wall enclosure faced with buff 
colored brick in attractive patterns 


above and below long horizontal win-— 


dow panels. These walls, which extend 
330 feet east of the station and 575 feet 
west of it, are integral with graceful 


brick-faced arches over the portals to 


new half-through bridges over Market 


aie between. Cees: wi 


structure faced with gray large ei eagles. 


; poableL 


of the station are in intimate contact 


by 58 feet deep, with a vaulted ceiling — 


known as the main concourse, serves 
only the two platforms which have | been — 


the Pres | is Bed: 


Interior is well laid out. Ay 


pleat so sae uronahed he 
arrangement — =4} that: of providing for 
the ae of both the mae a 


ghictlovence between thems: > am 
Thus, in general, the west half of tid? 
slation is designed for use by the rail-— 
road’s patrons, while the east half will — 
be used largely by patrons of the rapid a 

transit service, although the two halves 


with each other and all of the more— 
important public facilities, including the ; 
waiting room, ticket windows, lavatories, a, 
etc., are common to both. <- 


The main waiting | room, 175 feet long * 4 


46 feet high, lies dir ectly along the front 
of the station, centered about the more — 
westerly main entrance. ‘Directly across ‘4 
the waiting room on the axis of this q 
entrance, a train concourse, | 45 feet 
wide, extends beneath the elevated tracks” ~— 
and gives access to and from the track — de 
platforms by means of stairways anc¢ i : 
escalators. At present, this concourse, — 


ig 


sr ela but Mee elite pe the ¢ com-— 


. 
~ 
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all of these tracks, a total distance 


approximately 255 feet, to a street-. 


Plaza East, a new wide thoroughfare 
opened by the city on the east side of 
the railroad property. 

The rapid transit portion of the sta- 
tion, when completed, will lie directly 
back of the easterly main entrance, and 
will consist essentially of a lobby, ap- 


proximately 83 feet by 39 feet, and a 
concourse, 30 
feet wide, which will extend beneath the 


ground-floor-level train 


tracks and afford stair and escalator 
access to and from the rapid transit 
platforms to be built later. Between 
this concourse and the main concourse, 


' there will be two cross corridors, from 


12 to 20 feet wide, which will be extend- 


ed east of the rapid transit concourse to 
a bus space and a city trolley subway 


terminal, and west of the main con- 


course to a large taxicab and private 
j ‘no rapid transit service into the station, 


Fig. 5. — Looking east over the two station 
platforms com leted, showing the attractive 
steel-frame, glass and cement tile-covered 
sheds to be provided generally. 


ticket office is located on t 
entrance and exit lobby on Raymond 


on Raymond Plaza East. 
location of the baggage facilities will not 


of the waiting room, east of th 
concourse, and has sellers’ window. 
on the waiting room side and on 


opposite side, which faces on the ‘more 


northerly cross corridor, where it can 


_be reached readily by both through and 


rapid transit passengers. 

Thus, it is evident that while papas 
transit and through passengers will have — 
free access to the entire building, and 
can move freely to any of the facilities 
provided, the normal movements of the 
two classes of patrons will not conflict. 


This is particularly desirous because of — 


the large rush-hour commuter traffic 
that will be handled by the rapid transit 
service, traffic which will move rapidly 
through the station to or from the pe- 


destrian entrances or those leading to — 


and from the bus and trolley facilities. 
At the present time, of course, with 


the rapid transit areas of the station 
are incomplete, and a large part of the 
unfinished area is being used by faci- 
lities which will later be located beneath 


the south half of the track and platform — 


structure. Thus, for example, the rapid 
transit lobby and the corridors adjacent 


thereto are being used temporarily for 


baggage-handling facilities, which, even- 
tually, will be located beneath the most 
southerly elevated tracks, facing directly 
This final 


only provide ready access for trucks, 
but will confine all trucking operations 
to one side of the station. 

The dining room and kitchen service 
facilities, not completed at the present 
time, will be located in the northeast 
corner of the station just east of the 
rapid transit entrance, and the men’s and 
women’s lavatory facilities and a barber 
shop will be located between the extend- 
ed concourses, with access from both. 
Temporarily, no restaurant or barber 


shop facilities are provided, and the 


men’s lavatory facilities are located di- 


‘ 


i 
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rectly off from the northerly cross cor- 
ridor, opposite the rear of the ticket 
office, in space which will be used 
eventually as a parcel checking room. 

The trolley terminal that is being built 
at the east end of the station, and is 
practically complete except for a track 
loop at the south end, which cannot be 
constructed until the old tracks of the 
Pennsylvania are removed, provides five 
tracks and five platforms, all in direct 


contact through stairs, escalators and 


sub-level passages directly with the sta- 
tion. The bus space, which is located 
directly above the trolley terminal, will 
provide four bus lanes and five landings, 
which can be reached directly from the 
station via mezzanine passages extending 
over the bus lanes. 


Interior of station is pleasing. 


The interior decoration and furnish- 
ings of the station are as attractive and 
practical as the exterior. In the large 
waiting room, the floor is of red terrazzo 
with inlaid patterns in black and yellow. 
Above a high wainscoting of rose yellow 
Travertine, quarried in Montana, the 
walls, except across the front face, are 
of soft buff-color acoustic material in 
panel form. In the front face of the 
room, the pilasters separating the high 
window panels are faced with Napoleon 
gray marble. The ceiling, which is 
vaulted and faced with acoustic material 
in a herringbone pattern, is painted a 
variegated blue with a series of wavy 
bands of gold leaf longitudinally through 
the center. 

To relieve the otherwise plain char- 
acter of the large wall expanses in the 
waiting room, artistic touches of color 
and design have been applied. For 
example, a series of 13 large plaster 
plaques depicting the history of trans- 
portation adorn the walls; satin-finished 
aluminum has been used widely for trim 
and is featured in the framing of the 
end entrances and in an ornate glazed 
vestibule inside the main entrance; and 


xXI—8 


a large red panel in a marble framed 
arch surmounts the opening leading into 
the concourse. In addition, the settees, 
which are arranged in a series of eight 
rows crosswise of the room, and also 
along the front wall, are of walnut inlaid 
with aluminum trim and identification 
numbers, and the doors, which have 
wood cores, are finished with Formica 
of a deep red color and are provided 
with aluminum kick plates and a series 
of horizontal aluminum protection hands. 

One of the most striking features of 
the room is the series of four main 
lighting fixtures suspended from the 
ceiling. These fixtures are spheres of 
opal glass, five feet in diameter, in white 
bronze frames, the most prominent part 
of which is a horizontal pierced band 
displaying the signs of the zodiac. These 
fixtures, which can be lowered to the 
floor for cleaning and lamp renewals, 
contain three groups of lamps each, 
permitting three different intensities of 
illumination. 

Another feature of the room is a large 
sectional window over the west entrance, 
which has been inset with thin sheets 
of oil-treated Alabama marble to break 
the intensity of the afternoon sun and 
yet permit some diffused illumination. 
This material, which is translucent, pre- 
sents a deep brilliant yellow in the sun- 
light, and shows in relief all of its 
attractive natural veining. 


The waiting room side of the ticket 
office, which has four sellers’ spaces and 
two information spaces, presents a 
marble counter, surmounted by alumi- 
num grills at the service openings and 
low plate glass panels between them. 
On the opposite side of the ticket office, 
facing the north corridor between the 
concourses, the ticket counter, with three 
sales spaces, is laid out in an arc, and 
is entirely enclosed by glass in a bold 
frame of satin-finished aluminum. 

The main concourse and such of the 
cross corridors as are completed, have 
a ceiling height of 10 feet and are fi- 


on the Bitsige 
ceilings is ihein Haein satin a one 


inch insulating blanket to deaden the 


noise of train movements above. 


Lighting throughout the low ceuling 
areas is by means of recessed ceiling 


lamps with flat light-diffusing glass 


lenses set flush with the ceiling. The 
lighting current is 125-216-volt, 3-phase, ; 


4-wire, 62 1/2-cycle, supplied by motor 
generators of 400-kw. capacity, which, in 


turn, are fed through transformers from 
the company’s 11 000-volt, 25-cycle elec- — 
tric traction current supply lines. Three 


independent sources of supply are pro- 


vided for, and, in addition, emergency 


lights are located about the building at 
strategic points, connected into a sepa- 
rate wiring system which taps the power 
lines used for signal operation. The 
power required for the operation of mo- 
tors within the station, such as those 
driving the ventilating fans, pumps, es- 
calators, etc., is secured direct from the 
railroad’s traction current supply, 


which is passed through step-down 


transformers located in a masonry- 
enclosed room in the basement of the 
building. Immediately adjacent to this 
room is located the switchboard which 
controls all of the power equipment. 

Special features provided at the sta- 
tion includes a master clock system 
with 13 clocks; a hold-up or burglar 
alarm system; a fire alarm system, di- 
rectly connected with the city fire alarm 
system; and a pneumatic tube system, 
which makes personal messenger ser- 
vice unnecessary in conducting routine 
business between the ticket office and 
the baggage room. 


The station is heated essentially by 


the direct method, through convection- 
type radiators with automatic tem- 
perature-regulating valves, which are 
housed within the back-to-back settees 
In the waiting room, and also in con- 
cealed recesses in the walls. This system 


can be swarmed durit me e 
Me a the aes Steam for heating 


_ station. + 


an eastbound rapid transit track: another 


Teeels: <e the latter pete f eee air is. 
taken from the third floor level on the ; 
east side of the building, and, after being 

filtered, washed, heated i in cold weather, © 
and humidified, is forced by fans to the 
various public and pee areas of the 1 


In the waiting room, the eonastionees Pe : 


air is ejected through groups of slots in 


the center of the ceiling, and is exhausted sy 
by a separate fan system through open-— 


ings provided beneath certain of the 


settees. This exhaust system also extends 


to many of the smaller areas of the sta- 


‘tion, and, eventually, will include the | 


dining room and kitchen, the lavatories, - 
and the taxicab and bus loading and 7 
unloading areas. Altogether, there will 
be a total of 10 ventilating and exhaust 
fans in the air-conditioning system. 


— 


Details of track layout. 


Only three tracks, immediately adja- 
cent to the station, have been completed 
at present, but the ultimate plan calls 
for eight tracks, six of which will be . 
used by Pennsylvania trains and two by 
rapid transit trains. Across the station 
layout from the station side, these eight 
tracks will be as follows: A westbound 


station track; two westbound main or 


running tracks; an eastbound running 
track; a westbound rapid transit track; 


- 


eastbound running track; and an east- 
bound station track. Certain of the run- 
ning tracks will be signaled for two-way 
operation to facilitate train movements _ 
during peak traffic. 
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Fig. 7. — General station layout. at Newark as it will be aE oe ny NN ale 


Work south of heavy dot and dash line still to be paler 


All of the station tracks, with the ex- 
ception of the westbound rapid transit 
track, will be located at approximately 
the same level, and car-floor-height plat- 
forms will be provided to serve all 
tracks. A special feature of the track 
and platform layout is the fact that the 


westbound rapid transit track will be 
located approximately 20 feet above the © 


level of the other tracks, and will extend 
longitudinally above a platform which 
will be continuous between one of the 
Pennsylvania eastbound mains and the 
eastbound rapid transit track handling 
trains to Jersey City and lower New 
York. With a similar platform on the 
opposite side of the eastbound rapid 
transit track, this will enable eastbound 
Pennsylvania passengers, destined to 
lower New York, to transfer from 
through trains on either of the main 
eastbound tracks, to eastbound rapid 
transit trains, by movement dikeets 
across a platform. 

The high-level westbound rapid tran- 
sit track will be served by a long car- 
floor-level platform on its north side, 
directly above a part of the platform 
beneath. This platform will be joined 
with the station proper by a wide en- 
closed passageway extending across the 
intervening tracks, with ramp connec- 
tion to the “westbound through platforms 
for the use of westbound rapid tran- 
sit passengers from New York, transfer- 
ring to westbound Pennsylvania trains. 


4 


New te will use the "highe nee c = a 
passage to the station, from which stairs 


and escalators will carry them to the © 


ground floor level in the rapid transit - 


portion of the station, i - 
nection with the main BA ee: pox 
on the Plaza, and exits to the trolley 
subway and bus space. 
pid transit passengers will use the 
ground floor rapid transit concourse © 
directly to the escalators and_ stairs 
which will be provided to the eastbound — 
rapid transit platform at the general | 
track level. Thus, it will be seen that, 
when completed, the new station will 
provide for complete co-ordination of ra- 
pid transit and- Pennsylvania services, 
with minimum conflict between patrons © 


making separate use of these two ser- 


vices. 


The three tracks in service at the : 


present time, which provide trackage © 


equivalent to that formerly at the sta-_ 


tion, will be used exclusively by Penn-— 
sylvania trains, the middle track seryv- 
ing for movements in either direction as. 
the need may require. In conformity — 
with the ultimate plan for all of the 


tracks throughout the station area, the © 


Eastbound ra- 


= 


tracks already constructed consist of oF: 


131-Ib. rail resting on short treated ties 


set directly in the conerete deck of the 
steel viaduct structure. 
tion, 
cleaning, insures a tidy track structure 


a 


2 me _*» 
This construc- 


with its ready adaptability to. 


ork. ‘ They are of pues 


teelwork, and are covered by 
foun and gent tile sheds 


ing design ane uainted light green. 
Both platforms have waiting rooms 


éd of stations and | 


onstruction supported by the 


I ; cousertien! 
0 on the island plat- 
form, constructed of cast and wrought 
aluminum with glazed doors and side- 
wall sash. The different waiting rooms, 
all of which are heated and furnished 
with settees, vary in size, but the largest, 
which is on the intermediate platform, 
is 153 feet long by 13 feet wide. © 
Many signal changes. 

~The signal and interlocking changes 
made in connection with the improve- 
ments at Newark extend over approxi- 
mately a mile, and include a new oper- 
ating tower, a new 155-lever interlock- 
ing machine, and a large number of 
signals and switch machines. At pre- 
sent, of course, the signal and _ inter- 
locking facilities are developed only to 
the extent of taking care of the new 
tracks put in service. 


a z hy Fig. 8.— Position-light signals at the east end of the station 


f ‘ improvements, looking west toward the new river bridge and 
S d the station. — All tracks are electrified. 
- y 7 ; 4 
34 oe Fk o . 
ro The new interlocking tower, which new passenger station. This tower, 


is called « Dock » tower, is located 
immediately east of the Passaic river, 
approximately 1500 feet east of the 


which also houses the new bridge 
control and power generating equip- 
ment, to be described in a subsequent 


floors being 71 ft. 4 in. long by 25 ft. 
wide. The basement houses principally 


electrical cubicles, busses, circuit brea- 
kers and other such equipment, and also 


provides space for air compressors and 


for small work shops for the track and 


signal forces. The ground-level floor is 


the power generating floor, essentially _ 


for bridge operation and station light- 


ing; the second floor is occupied essen- 


tially by signal relays and associated 
equipment, while the third floor houses 
the interlocking machine and bridge 
control desk. 

- The interlocking niachive is of the 


Fig. 9. — Within the new 


lation include a model board, which 
incorporates not only the usual track 
and signal indications, but also indi- 
cations of the electric trolley sectional- 
izing set-ups, and the fact that all wiring 
of the interlocking machine has fire- 
proof insulation. Another interesting 


feature is the interlocked arrangement 


d lever; 1 is a traffic lever; ant 


issue, is a. torces ae brick structure aes pneum: 
with a basement, the first floor and ed 

basement being 123 feet 8 in. long by 
25 ft. wide, and the second and third 


3 govern mae goat: {2 


a bridge master lever. There 


‘sent 99 spare levers on the frame aids. +5 
20 spare spaces. A continuous, four-in- 
dication cab-signal system prevails” 7 

throughout the territory, and all way- _ ‘ 
side signals are of the position-light hes 


type. In addition, approach locking and 

S. S. protection are provided. All switch © = 
machines are of the A-5 type, with C. P. 
valves, the air for operation being sup- 
plied by two 225-cu. foot compressors, 
with automatic electric drive, located 
in the basement of the tower. ac 
_ Special features of the signal instal- — 


« Dock » interlocking tower, 
showing the new 155-lever electro-pneumatic inter locking 
machine, the illuminated model board, and the operator’s 
desk. 


between the signal equipment and the 
bridge operating mechanism. In this, 
before the signals can be cleared, the 
movable span must be properly seated — 
and locked, and all power to the bridge 
cut off. Similarly, before the span 
can be raised, the signals must be 
set at stop, the bridge smash boards 


» 
: < t 
a5 _— —— 


frail ee with- 


| a pric me Al 
are andicated, electrically, so 


, the Passaic river, but which will be 
4 removed. In the old arrangement, all 
q power and signal lines crossing the ri- 
7 ver were carried in either submarine 
cables or cables directly on the old draw 
bridge, with circuit breakers at the ends 

of the swing span. In the new arrange- 

ment, all circuits, including signal, trac- 
tion and station lighting, are carried un- 
der the river in a tunnel of 6-foot inside 


e of the inter- 


that the signal pea ue ditectly be- 
fore him visual indication of the si- 


tuation at all times. 


- The new interlocking replaces an old 


interlocking, called CK _ interlocking, 
which, with a 35-lever electropneumatic 


machine, is located immediately west of 


Fig. 10. — New « Dock » interlocking and bridge control tower, 
_ showing the power transformer station in the foreground, jland 
: the new river bridge in the background. 


diameter and 600 feet long, located 
approximately 50 feet north of the new 
river bridge. This tunnel, which is 
essentially a concrete pipe with a 12- 
inch wall, poured in place, was con- 
structed under air pressure, employing 
steel liner plates for a shield. It. has 
a cable chamber on each side, one for 
high tension lines and the other for low 
tension lines, and between them there 


rr 


7 a 


by oe ire 10. teeth omens — 
approximately 50 feet deep, with spli- “ines 
cing chambers directly above. Forced 


ventilation is provided to clear the tun- 
nel of dead air when it is necessary for 
men to enter. 


Other improvements. 


In connection with the major impro- 
vements at Newark, numerous auxiliary 
improvements were necessary or found 
advisable, the more important of these 
including the construction of the new 
steam plant for heating the station; new 
express handling facilities to replace fa- 
cilities which had to be removed to per- 
mit the new passenger station construc- 
tion; and the provision of additional 
local freight handling facilities because 
of the necessity for removing certain 
freight handling facilities in the vicinity 
of the old station. 


The new heating plant, which is lo- 


_ cated approximately 600 feet west of the | 


station on the north side of the new 
station tracks, is a steel and brick struc- 
ture approximately 50 feet square by 
66 feet high, and has a radial brick 
chimney 175 feet high. It is equipped 
with two stoker-fired water-tube boilers 
of 300-H.p. capacity, which deliver steam 
to the station at high pressure in two 
six-inch seamless steel pipe lines. Con- 
densation from the heating system is 
pumped back to the heating plant in a 
four-inch wrought iron return line. 
Both the supply and return lines are 
carried to the station in a pipe tunnel 
beneath the one island platform which 
has been constructed. 


Coal is delivered to the plant over 
a ground-level track hopper on the north 
side, and from this is conveyed to the 
stoker hoppers by means of a 1/2-yard 
clamshell bucket, which is hung from 
an overhead gantry but which is oper- 
ated from the firing floor level. Cinders 


“very,track, 4 i 


144 feet ee cn ated eéction: at ‘the : 
ped on both sides with rolling 


with corrugated asbestos-protected metal 
siding and roofing. 


for the longest trucks. 


ee a car spo' 


eerue AS eae pee facilities of t he 


Bae natidae 587 ‘cet eer by 66 = 
feet ac which: _includes | a br k= 


west end, 443 feet long. The shed sec- a 
tion, which has a steel frame, is equi i- Sas 


doors, and above the doors it is enclo ed 


The north side of the shed is saved ee 
by a wide driveway, which extends 
beneath the shed roof a depth of 26 feet, 
affording back-up space under shelter 
The platform 
within the shed, which is at tailboard 
height, is approximately 35 feet wide. 

On the south side, this is extended out 
about 5 feet, under cover of the roof, 

to serve two express car tracks on this _ 
side. The new facilities provide space 
in the shed area for a battery charging 
generator room and a truck washing 
stand. 

The additional local freight facilities \ 
are located directly south of the express 
building, on the south side of the main 
tracks, and form an extension of exist- 
ing facilities at this point. The expan- 
sion provided here consisted mainly of 
extending 15 tracks, arranged for the — 
most part in groups of two, approxim- 
ately 500 feet to the east, and providing 
concrete driveways between the diffe- 
rent extended groups as extensions to 


existing stone block driveways. In 


| 
i 
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addition, however, a new small yard 
office and an auto and stock unloading 
platform were provided. Future plans 
call for the further lengthening of the 
tracks and platforms a distance of 250 
feet, when requirements demand. 

The extensive improvements at Ne- 
wark have been carried out, under the 
direction of T. J. Skillman, chief en- 
gineer of the Pennsylvania, A. C. Wat- 
son, chief engineer of the New York 
zone, and L. P. Struble, engineer—Ne- 
wark Improvements. The improvements, 
except for the station building, the su- 
perstructure of the river bridge, and the 
signaling and trackwork, were made 


under contract by J. Rich Steers, Inc., 
New York. The station building and 
platform enclosures were built by 
George A. Fuller Company, New York. 
The signal work has been installed un- 
der the direction of J. S. Gensheimer, 
engineer of telegraph and signals, New 
York zone; the electrical work in con- 
nection with the station was carried out 
under the direction of J. V. B. Duer, 
electrical engineer, Pennsylvania sys- 
tem; and the trackwork was done under 
the direction of R. R. Nace, chief en- 
gineer maintenance of way, New York 
zone. The architects for the station 
were McKim, Mead & White, New York. 
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Locomotive axle failures and wheel-press fits “’, 
by T. V. BUCK WALTER, 
Vice-President, The Timken Roller Bearing Company, 


and P. C. PATERSON, 


Railway Department Development, The Timken Roller Bearing Company. 


(Railway Mechanical Engineer.) 


Although it has been appreciated for 
some time that railroad axles have been 
failing because of undue concentration 
of stress, little has been known about 
how to correct the situation. In the 
search for an improved economic axle 
life the Timken Roller Bearing Company 
early in 1933 inaugurated a research 
program to learn, if possible, how to 
avoid axle failures which had been oc- 
curing at stresses below the usual safe 
working range. Fatigue failures occur- 
ing just inside the face of press-fitted 
members will be discussed in this paper. 
The program carried out at the Univer- 
sity of Michigan and the Timken phy- 
sical laboratory included both physical 
tests and photo-elastic studies and dur- 


(1) Abstract of a paper presented before 
the Engineers Society of Western Pennsyl- 
vania, January 29, 1935. 


ing the research much valuable data 
were gathered, 

Application of the usual formulas for 
determining the press-fit pressure be- 
tween two cylinders gives a uniform 
pressure distribution when the cylinders 
are both of the same length. In the case 
of a sleeve or wheel pressed on an axle, 
however, the press-fit stresses are no 
longer uniform, but increase rapidly 
near the end faces of the sleeve due to 
the greater compressive resistance of the 
protruding portions of the axle. This 
unfavorable stress condition is further 
complicated by the fact that the axle 
rotates under bending stresses — tension 
on the top and compression on the bot- 
tom side. 

The end faces of the sleeve have a 
tendency to impinge against the com- 
pression side of the axle. As the axle 
rotates the alternate contraction and 


end faces ef the dine Seen is Very 
noticeable in the usual press- fit failures — 
and is often accompanied by a brown — 
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"Bie character of photo- -elastic fringes on an 


Je not subject. to press-fit stresses 

—e) character of photo-elastic stresses on 

integral: shoulders and press-fit members 
dd) character of Senge at fillets on wheel 

~ hubs» al! 

e) photo- elastic fringes ate press- -fit mem- 

bers, srk. as driving or mek ee hav- 


feaken 4 oe ae ; 


rious shaped grooves on the inside face 
of the wheel hub and by the use of a 
raised wheel seat. — 


The following reonalasisne” may be 
drawn from this photo- elastic Study 


SASS easy pea ee eral type of press- -fit assem- 


bly of a plain wheel hub on a uniform dia- 


meter axle, figure 6, gives a stress concen- 
tration of about the same magnitude as a 
very small fillet; in this comparison the hub 


is considered as being machined as an “inte- 


gral part of the axle, as in figure 5. 

_ 2. The effect of a radius at the inside hub 
face of the wheel, figure 6, offers no noti- 
ceable improvement over a sharp corner on 
the wheel hub, figure 7. : 

3. A wheel hub mounted against a shoul- 
der on an axle, figure 8, gives a weaker axle 
construction than the conventional assembly. 

4. A grooved wheel hub mounted on a 
uniform diameter axle, figure 9, reduces the 
stress concentration considerably over the con- 
ventional assembly. 

5. Of the six types of relief grooves tesa 
type 5, figure 10 (also photo-elastic studies 
figures 9 and 12) gives the least stress con- 
centration. The other types of grooves tested, 
which differed in shape, depth and location, 


also show improvements over the conventional 


assembly. 

6. A plain type of wheel hub mounted on 
an axle with a raised wheel seat or pad, 
figure 11, gives an improvement in stress con- 
centration over the conventional assembly. 

7. A certain height of pad gives maximum 
reduction in stress concentration and the use 
of a higher pad does not give any further 
beneficial effect. 


Design tested and equipment used. 


The axles studied were of the conven- 
tional outboard type. The Bakelite test 


Manns of nee oving this Biress 8 
tration are indicated by the tests of va- 


} 


models were designed to show stress — 


concentration and distribution as affect- 


ed by modifications of the inside face 


of the wheel hub and by changes” in 
wheel-seat diameter. 

All axles studied had a journal met 
meter of 8 1/2 inches, but the wheel-seat 


diameter varied from 9 3/4 to 12 inches. 


The wheel-hub sections at the inside hub 


face were approximately 4 inches thick. 


Various wheel-hub modifications were 
tested also. All models were made of 
Bakelite approximately 3/8 inch thick 
and were one-sixth of the actual dimen- 
sions of the wheel-hub and axle assemb- 
ly. 


Method of loading and photo-elastic 
set-up. 


This is shown in figures 2 and 3. Fig- 
ure 3 indicates the method of simulating 
the press-fit condition, calibrated 
springs pressing the hub against the axle. 
Figure 2 shows a general view of the 


Fig. 2. —- General view of photo-elastic 
equipment and model in position. 


complete axle and wheel model under 
load in position in the photo-elastic set- 
up. Long steel beams carrying pans are 
fixed to the ends of the axle model. 
This construction permits pure bending 
stresses to be applied to the model so 
that simultaneous bending and press-fit 
stresses may be obtained. 


Fig. 3. — Close- -up_ of wheel and axle pioteh 
with calibrated springs to simulate press fit. 


A photo-elastic study showing fringes 
for the case of a uniform beam with 
pure bending stresses only is shown in 
figure 4. Parallelism and equal spacing 
of fringes indicate uniform stress distri- 
bution. Fringe marked 0 is the neutral 
axis. Shearing stresses shown are di- 


— Fringes in 
beam with 
portion representing 
wheel hub when under 
bending stresses. 


Fig. 4. — Fringes in Fig. 5. 


uniform beam ‘under 
bending stresses. 


enlarged | 


. 6 — iseniawe Paste: beat with hub 
“assembly having a 1/8-inch radius on the 
+ inner. face. Stress concentration near the 
inner hub face corresponds with the zone 
of failure in service. 


-siress concentration of about the same 


BEOIMEr!%, scsime tes this with figure 6. 
. ET i) Thecescions 

/ a A conventional press fit of a plain 
wheel hub on a uniform diameter axle, 


= ‘figure 6, gives peak press-fit stresses at 
dr: section from the axle into the hub. It 
should be noted that the maximum bend- 
ing stresses also occur at the same posi- 
tion on the axle. The bending stresses 
are much greater than those normally 
calculated due to the abrupt change in 


eis: evident, therefore, that both these un- 
Be > Sefey orable conditions occur at the same 
location on the axle, thereby creating 
an accumulative weakening effect. If 
in the case where a wheel hub is mount- 
ed against a shoulder on an axle, figure 


Sea Ye 


magnitude as a very small fillet or sharp 


section from the axle into the hub. It | 


— Straight Fig. 8. — Axle with 
axle and hub with hub mounted against 
sharp corner. a shoulder. 


8, the hub radius is made to fit the small 
shoulder radius; then, in addition to the 
weakening effect mentioned above there 
exists the unfavorable effect of the stress 
concentration of the fillet occurring at 
this same critical section. This type of 
shoulder construction weakens the axle, 
but its effect is sometimes small as com- 
pared to the total stress concentration 
present. 


A conventional press fit of a plain 
wheel hub on an axle with raised wheel 
seat or pad, figure 11, has three bene- 


ficial effects ; A more gradual change in 


section takes place between the axle and 
the wheel hub; the peak pressure at the 
end face of the wheel hub is reduced, 
due to the decrease in lateral restraint 
of the protruding axle, and the bending 
stresses in the axle near the end of the 
pad are reduced at the point where the 
press-fit stresses are a maximum. 

A grooved wheel hub on a uniform 
diameter axle, figure 9, presents a very 
favorable fringe pattern, showing an 
improvement over the cases discussed 
above. Grooving has the effect of re- 
lieving the peak press-fit stresses near 
the end face of the hub. This is due to 
the flexibility of the lip on the hub 
which prevents the building up of high 
stresses at this point. Grooving also 
effects a gradual transition in section 
from the axle into the sleeve, function- 
ing in the manner of a large fillet, 


Big. Se Straight axle with ee wheel 
hub assembly, type 5. — Note the reduc- 
tion in axle stress concentration. 


From the standpoint of economical 
design, grooving appears to offer im- 
provement over the use of a plain hub 
mounted on a pad on the axle. The axle 
forging design is simplified and space 
requirements are reduced. 

The combination of a raised wheel 
seat or pad with a grooved wheel hub, 
figure 12, gives a very favorable fringe 
pattern. This combination may be ex- 
pected to show some improvement over 
all other designs. Preliminary analysis 
of the Timken photo-elastic studies, 
however, does not show definitely how 
much improvement is represented by 
this combination over the case where 
a grooved hub is applied on a straight 
axle, figure 9. This question is being 
given further analysis. 

Six different types of grooves were 
tested. It is natural to expect that the 
larger the groove and the thinner the 
wedge-shaped lip the greater will be the 
improvement in stress concentration. 
There are certain limits to groove for- 
mation, such as reduction in wheel ton- 
nage, reboring of wheel centers, and the 
danger of failure of material with thin 
sections at the lip. Too thin a lip is also 
undesirable because of its inability to 
transmit sufficient pressure to give the 


* 


desired 


Fig. 10. 


a Wheel hub relief groove No. 5 
which showed best improvement in reduced 
axle stresses. a 


reduction in peak press-fit 
pressure. 


The best groove formation was found 


to be type 5, figures 9, 10 and 12, and it 


is expected that further studies now 
under way will indicate that the pres- 


sure peaks will be reduced for this type — 


over the other grooves. This groove 


shape has a 20-degree angle tangent to 
the groove radius and gave better results 
than either the 30-degree angle or the 
45-degree angle or any of the other — 
groove formations. 


Fig. 11. — Raised seat Fig. 12. — 
on the axle with a 
hub having a sharp 
corner, 


Raised | 
seat on the axle 
with a hub having 
relief groove. — 
Note the difference 
in concentrated axle 
stresses. 


Vee 


Summary of stresses — 7 5/8 inch axle. 
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al Bending from rail re- 


action . . . . . .| 4700 | 13800 | 13400 |11500 |11500 | 15000 | 15700 
2 Direct compression from , 
thrust reaction. . .|/ ... is -500 -500 -500 -500 -700 
< Net bending stress . .| 4700 | 13800 | 12900 |11000 | 11000 | 14500 | 15000 
4 Radial hoop stress . .| 12300 | 12300 | 14800 | 12300 4 000 


5 Tangential hoop stress .| 12300 | 12300 | 14800 | 12300 4 000 


6 Crushing stress . . .| 3400 2 400 av 3 400 3 400 
7 Direct shear from rail 

reaction) -iiteiis fi. -700 s. a, -700 -700 
8 Maximum shear .. .| 13700 | 13500 | 14800 | 13700 5 400 


9 Maximum combined ten- 
sion i) eee sees ©.) E6800) “22: 100 =| 22:900 |:20°300 ©) 14-300) -4/1'4°500 > | 15.000 


Rx 14,050 LB. 


Fig. 13. — Axle-stress calculations for outboard-bearing axle under the loading shown. 
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does not give any further appreciable 
beneficial effect, 
given further study. 


A two-dimensional stress distribution 


is indicated in these photo-elastic stu- 


dies and the question may arise as to 


the applicability of this method in view 


of the three-dimensional. case actually ~ 


present in the press-fit assembly. How- 


ever, these photo-elastic studies have 1 


their value from a qualitative stand- 
point. They permit a comparison of one 
fringe pattern with another; determine 
the stress concentration due to shape; 
give an indication of the distribution of 
pressure across the length of the press 
fit; and develop a broader aspect of the 
entire problem. With this in mind fa- 
tigue tests can be planned more directly 
toward a definite design, thereby elimi- 


-nating the necessity for determining 


certain variables from a series of fatigue 
tests requiring considerable time and ex- 
pense. It is not believed that definite 
numerical data can be obtained on 
stress concentration from photo-elastic 
studies. It is necessary to resort to fa- 
tigue tests in order to determine the ac- 
tual stress concentration as developed 
by the combination of the effects of size, 
sensitivity of materials, three-dimen- 
sional stress system, and corrosion fa- 
tigue. , 

Further work using a sensitive een 
extensometer is being continued by the 
Timken Roller Béaring Company at the 


University of Michigan to determine the © 


principal stresses. 


Stress calculations. 


Figure 13 and accompanying table 
presents a tabular analysis of stresses 
occurring in a typical outboard-bear- 
ing railroad axle. It is particularly in- 


Various heights of wheel-seat pads ter 
It is apparent that s 
some particular height of pad gives 2 
maximum reduction in stress concen- 
tration and that the use of a higher pad > 


This phase is being © 


~— Sere etn ier ae pene ee. 
cussed in ats aE pe the standards 


: omen cae ills the BRIM axle is in- 


dicated below. 


The A. R. A. axle has three Conceal = 
ing factors consisting of: (a) the pre-_ 


ers ea 
san 


sence of a shoulder on the portion of theyaa” 


axle subjected to high bending stress; 
(b) use of a comparatively thick hub— 


without relief, building up higher stress 


concentration at the face of the hub, and — 


(c) the superimposing of (a) and (b). 
producing maximum stress concentra- 


tion at the inner hub face (illustrated in ; 


worst possible form in figure 8). 
Railroad axles for outboard-bearing 


engine trucks, drivers, outboard trailers, — 


tenders, and freight and passenger cars 


are subject to improvement by using the ~ 


Timken construction shown above the 


center line in figure 14 which eliminates ~ 


the integral collar, introduces a stress 
relief groove, and provides a raised seat | 


for the press fit of the wheel hub. There — 


is also definite probability of improve- 


Timken Type 
Axle and Wheel Hub 


A R.A Standard 
"E’Axle and Wheel Hub 


Fig. 14. — Timken nageoved type axle (above) — 
compared with A. R. A. standard axle Sosa 


- 
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ment in axle service by cold working of 
the wheel seat, 

Improvement in axle service could be 
obtained at slight expense in rolled 
wheels by providing an extended hub 
of reduced diameter corresponding with 
the 20-degree lip on the relief groove, 
as shown in figure 14. 

The relief groove on the outer wheel 
hub face is not considered necessary 


because the stress in the axle is greatly 
reduced at that point, that portion of 
the axle not being subject to stress in- 
crease arising from flange action. 

Physical tests for determining fatigue 
limit of reduced axle specimens are 
being continued at the Timken physical 
laboratory and at the University of Mi- 
chigan. Photo-elastic studies are also 
being continued. 


[ 621. 135.2 & 62s 214) ] 


High-pressure lubrication for journal bearings, 
by G. WELTER. 
(Engine ving.) 


The journal bearing is an important 
item in machines of very many kinds, 
and modern developments in machine 
construction generally and, particularly 
in this connection, the development of 
high-speed rail transport, demand that 
greater attention shall be paid to it than 
has been usual in the past. If the 
journal bearing is to compete success- 
fully with ball and roller bearings, the 
use of which is gradually extending, it 
must be improved both from the tech- 
nical and commercial points of view. 
The main disabilities of the ordinary 
plain bearing lie in the friction losses 
which are associated with its use, par- 
ticularly during starting-up and in the 
early stages of running, and the wear 
and tear anil loss of power which ac- 
company this friction. In any attempts 
to improve the bearing, it is also desir- 
able to consider the possibility of im- 
proving its reliability and load-carrying 
capacity. The consideration that the 
friction moment of the journal bearing 
is abnormally large, particularly at start- 
ing, leads naturally to the conclusion 
that the conditions might be improved 
by an alteration in the lubricating ar- 


xI—9 


rangements. The relation between the 
bearing and the lubricant is so close, 
however, that, in any satisfactory solu- 
tion of the lubrication question, the na- 
ture of the bearing metal must form an 
important factor. 

The proposals made by the author, 
and described in this article, aim at the 
elimination of the disadvantages of the 
present normal type of journal bearing. 
His system consists in the employment, 
in addition to the normal lubrication, of 
special high-pressure lubrication which 
is used in the zone of greatest pressure 
at the top of the bearing. The extra 
lubricant is supplied at a pressure of 
100 atmospheres to 200 atmospheres 
(1 500 lb. to 3000 lb. per square inch) 
so that the bearing, with the load it car- 
ries, is lifted free from the shaft. an oil 
cushion being formed between them so 
that all metallic contact is eliminated. 
With this arrangement, the friction mo- 
ment approaches a zero value, and when 
starting up is less than the friction mo- 
ment at normal running speed with an 
ordinary bearing. The system was in- 
vestigated on a large bearing-testing ma- 
chine employing a shaft 120 mm. (4.7 


in.) in diameter. 


lubricator of the type which 


are 
‘The ext 


was supplied by a Bosch 


employed on compressors worki ng up 


several hundred atmospheres and for i 


locomotive work. The friction between 


the bearing and the shaft was measured 


by means of a friction balance connected 
to a dynamometer. 
was imposed on the bearing, and tests — 
were carried out, both at starting-up 
and when running, at low temperatures 
of 3° to 5° C. (37° to 41° F.), as well as 
at the air temperature of 20° C, (68° F.). 


Comparison tests were also made with — 
bearing at 


well-known make of jroller 
20° C. 

Characteristic pecuite are plotted in 
figures 1 to 5. The curves connecting 
the dynamometer reading with time 
which are given in figs. 1 to 3, refer to 


a railway-carriage bearing brought from — 


rest up to a speed of 250 r.p.m. in a few 
seconds. This corresponds to a rate of 
travel of the vehicle of 45 km. (28 miles) 
an hour. Figure 1 shows the friction 
values plotted to a very open scale for 
the first 60 seconds, and figure 2 gives 
curves for 10 minutes. 

Curves for the same bearing, with 
and without high-pressure lubrication, 
are given in each case, and clearly show 
the much lower readings obtained when 
it was in operation. As is well known, 
the starting resistance of a normal jour- 
nal bearing is very high, and in this case 
the initial dynamometer reading was 
about 150 to 170 kgr., falling to 17-19 
kgr. in 10 seconds, and reaching 14 ker. 
after 50 seconds. As a result of insuffi- 
cient oil supply in the area of greatest 
pressure, it then rose to 20 ker. (fig. 1). 
In the first part of the curve the ob- 
served maximum and minimum readings 
are plotted and a fair curve drawn be- 
tween them. The contrast between this 
curve and the curve for the high-pres- 
sure lubricated bearing plotted below 
it is marked. In this case the curve 


A load of six tons — 


‘it will be seen, 


was no oscillation 
of the poveenberiely 


tes, euhich are Tpletiea I 
eile area Ie eS the curv 


is ee ee Sas ihe Bee area pe 
under the curve for the bearing with 
high-pressure lubrication, it will be seen ¥ a: 
that the loss in the first case is about — 
three times that in the second. This 
figure also contains a curve for the im 
grease-lubricated roller bearing, which, | Ae 
lies somewhat higher — 
than that for the high-pressure lubri- 
cated bearing. The results plotted ities 
figures 1 and 2 were obtained with the 
bearing at room temperature of. 200 Cha 
The. actual rise in temperature of the 
bearing during this period is plotted in- 
figure 3. It will be seen that while the 
normal bearing rose in temperature by 
27° to 28° C. in ten minutes, the high- 
pressure bearing temperature increased — 
only some 10° to 11° C. in the same Des 
riod. 3 
Still more striking differences be- 
tween the two bearings were shown in 
the tests carried out at low temperatures, — 
which are plotted in figures 4 and 5. — 
In these tests the speed of the shaft was 
rapidly brought up to 150 r.pm., and 
at the end of two minutes again rapidly — 
advanced to 250 r.p.m., being further — * 
stepped up to 350 r.p.m. after” tea fur- a 
ther minutes. — 
The unsteadiness of the friction curve. 
of the plain bearing is very marked, the __ 


swing of the indicating arm in the first — 


two minutes being as much as 10 kgr. 
The maximum and minimum readings 


om 
. 


areas A. and B, amounts to from 1 to 3 


to 1 to 4 in the early part of the ae. ; 


period and from 1 to 2 to 1 to 3 later. 


These observations were made at aroom 
temperature of 20° C., but with the bear- | 
ing at an initial temper ature of about 


30_C. The’ risesm. temperature of the 


bearing with the two types of lubrica- 


tion is shown in figure 5. The differ- 
ence in temperature of the bearing under 


the two conditions amounted to some 


14° to 15° C, 


The investigation illustrates clearly 


the way in which the performance of 
the ordinary plain bearing may be im- 


proved by the use of high-pressure lu- 
brication. At the moment of starting, 
the ratio of the friction values of a high- 


pressure bearing and a normal pad-lu- 
bricated bearing stands at the remark- 


two curves, oe indicated by the Hately do ; 


piitway operation as a result of fitting 
roller bearings to rollit g stock average 


= it. to 12° %- while: Messrs. Fichtel und 


Sachs A. G., as a result of similar tests” —- 
on railway ebircle and tramcars, claim bom 
a figure of from 10 to 15 %. As the — 


-pressure-lubricated bearing can show i 


similar savings at lower Capital cost, it. ee 


should be of great value not only in 


railway vehicles, but in machinery of :, 


able figure of about 1 to 300, while at — all ‘cinds. mite 
[G624.135.4, 623. 14 (01 & 628. 213 ] i- 
Fast running without derailment, ts 


_— 


by Dr.-Ing. BASELER, of the Deutsche Reichsbahn Gesellschaft. 


(Diesel Railway Traction, supplement to the Railwas- Gazette.) 


ms 
Fig. 1..— The Rraceenens railcar as a GE when it attained the record speed ox 
of 143 m.p.h 7 
Present-day conditions, coupled with ensuing remarks, they may help to crys- = 
the constant rivalry of road traction, tallise the fundamental problems inyol- 


make it imperative to face the question 
of increasing the speed of railway travel. 


Whilst no finality is claimed for the 


ved. It seems probable that in Germany, 


at least, high-speed rail vehicles of the 
future will fall into two groups: (1) ex- — 
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press railcars, with streamlining a pri- 
mary, and weight a secondary, conside- 
ration, and (2) fast railcars, intended for 
working fairly heavily graded lines, and 
therefore as light as possible and capable 
of very quick speed recovery. The ex- 
press car would have to be able to run 
its engines at full capacity for hours on 
end. This comes easily to a good steam 
or electric locomotive but, generally 
speaking, a diesel engine is not so well 
suited to the task. 

The Flying Hamburger is composed of 
two long cars and has an engine power 
of 820-8.u.P. (although 1 200-B.H.P. is to 
be used for future cars). For a corridor 
train comprising ten cars and having an 
equal service capacity, five times as 
much horsepower would be needed, say 
4000 to 6000. True, the end resistance 
falls, but the side resistance remains the 
same unless wind sheathing is employed, 
which is not easy to fit should the train 
not always form a set. There seems 
little sense in providing so much power, 
but having it all grouped in one unit is 
useful, as its working can be much better 
supervised. Fewer defects and failures 
are thus experienced, but in any case 
the failure of a part in a multiple-unit 
system is less grave than that of a steam 
locomotive. 


The question of speed on curves is a 
vital one in this problem of attaining 
higher travelling rates. When one con- 
siders that 20 % of the main lines of the 
Reichsbahn are on curves, and that in 
central and south Germany the percent- 
age is considerably higher, it is apparent 
that no great increase in speed is to be 
hoped for until some radical change in 
German practice is made. On such sec- 
tions a fast car has the advantage over 
an express car, on account of its great 
accelerative powers. The fact that the 
automobile has not yet been equalled in 
this respect is all the more reason why 
an attempt should be made, and the use 
of a fixed track offers a chance to do so. 


The question of curves. 


Curve, speed and superelevation stand 
in a fixed relation, depending on the law 


2 
of centrifugal force,viz., (« =) or, other- 


wise expressed, V (km.p.h.) = K\ Se 
The constant K lies between 3 and 4 but 
nearer 4, according to contemporary rail- 
way practice. Taking the higher limit 
as a basis, it may be said that it is now 


usual to go to V = 4 VR, thus : 


R V R V 
m. km.p-h. m. km.p.h. 
900 120 500 90 
750 110 400 80 
625 100 300 70 
~ . . 72 
Through the fixed relationship — = 16, 
eae 
a= ae 2-= 1,23, the value of the 


centripetal acceleration p is equally 
highly fixed for all curves at 1.23 m./per 
sec. per sec. Taken in conjunction with 
the mass of the vehicle or passengers, it 
gives the force with which the vehicle 
has deviated from the direct path. The 
German terms « track pressure » and 
« track acceleration » may be used, but 
it must be remembered that the latter, 
although similar in nature to starting 
acceleration, operates transversely to the 
direction of travel. 


Superelevation is used to counteract 
centrifugal force. Its height is limited 
by practical considerations. In Germa- 
ny, for instance, it is 110 and 120 mm.; 
in Austria 140 mm.; while on the severe 
curves of Switzerland 150 mm. is found. 
Now a track acceleration of 1.23 m. per 


sec. per sec. is = = one eighth of the 


acceleration due to gravity. The super- 
elevation must therefore be 0.125 of 
1500 mm. (track width) = 187.5 mm. 
Actually it is less, so that part of the 


centrifugal Aedelendmone on ey ie not 
Fage: a 800 1 m. el Be 


counteracted. 
Superelevation ; Dit hd ieee ee 
120 mm. 0.44 m.p.see. Pp. pace 
140) eos ot ae OST ae > 
150" 91> ee a O25 > 


In some cases it is higher, but not 


under German conditions. 
To increase speed on curves the first 
thought is to increase superelevation, 


which cannot as a rule be done, for slow 
trains also run on these curves. More 


difficulties arise on S bends, and engi- 
neers would like to flatten the line 
instead. Taking the highest value of 
150 mm., or an inclination of 1 in 10, a 
tenth part of the centrifugal acceleration 
is counterbalanced. Suppose it is wish- 
ed to raise the speed 50 %, which may 
also be expressed as from V = 4¥V R to 
V=6VR. The track acceleration rises 
when V = 6 VRto p = 2.80 m. per sec. 
per sec. Of this, p, = 2.80 — 1.00 = 
1.80 m. per sec. per sec. is not compen- 
sated and must be resisted by the vehicle 
and its passengers. Well designed cars 
conform to this rule with ease. 

From the point of view of safety, the 
possibility of toppling over, or the dan- 
gerous removal of load from the inner 
wheels must be considered. The latter 
danger is very real in the case of steam 
locomotives having high boilers, and cal- 
culations show that such units would be 
inadmissible for the speeds contem- 
plated, for the outer wheels would carry 
three-quarters, and the inner wheels only 
ene quarter of the weight, which is not 
safe. As the gauge cannot be widened, 
future vehicles must have a low centre 
of gravity. 

Security against derailment must also 
be considered. The Reichsbahn holds 
the opinion that the leading wheel is a 
danger point, a view that is countered by 


the remark that, were this so, there 
would be many more derailments. But 


trials and experiments show that the 
heavy pressure is there, and a bogie of 


the exact forces at WV ( 


acne occur. There are some Melages of | 
locomotives with a reputation for derail-_ 
ing in a given set of circumstances. The 


danger occurs when flange ‘pressure . 


equals wheel pressure, but as: a rule the. 
safety factor is n = 2. 


Taking the track acceleration pre-_ 


* 


viously mentioned, it is found that the 


flange pressure becomes 0.86 of the — 
wheel pressure, and the safety fac- 
uncom- 


tor drops to 1.16 when 
pensated. This is overlooking the 


fact that cars with a low centre © 
of gravity, such as are proposed, will be — 
helped by having the centrifugal force 
loading the outer wheel. As the centre 


of gravity cannot be lower than 1.00 m. 
above rail level, 12 % more load will be 
given on the outer wheels. The safety 
factor will be 1.30, which is not enough. 
It must also be remembered that in fast 
running, all dynamic forces show a 
marked increase, coupled with a greatly 


reduced time to recover from any small : 


irregularity. 

There is the permanent way itself to 
be considered also. 
makes heavy demands on the track, and 


irregularities become intolerable at very 


high speeds. Fortunately all aspects of 
track maintenance have been greatly im- 
proved, including methods of detecting 
flaws. The damaging powers of some 
types of vehicle need to be studied and 
lateral stiffness of the permanent way 
must be ensured. It has been suggested 


that high-speed trains could be rendered — 
safer by the use of check rails each side, 
such as the Marienfelde-Zossen line had 


before the war, when 210 km.p.h. (130 
m.p.h.) was attained. It is, however, 


debatable whether this plan gives greater — 


safety. Should a bad derailment occur 
in these new express services ie 


matter for what cause — the whole i 


Express traffic — 
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question would become one of utmost 
urgency. 


The question of steering. 


The danger, then, is in the action of 


the leading wheels when taking curves. 
Why, one might ask, does a motor car, 
which has a very great centrifugal effect, 
work with greater safety ? The answer 
is that car wheels are steered. If pos- 


sible, the wheels of rail vehicles must be 


steerable, so that the leading flange need 
no longer do all the work and overcome 


the friction of the loaded wheels as it 


turns. The task of steering or directing 
the wheels has been given much consi- 
deration, and was actually adopted in 
the Kruckenberg car, as originally built, 
and high-speed travel demands it. A 
steering wheel is unnecessary because a 
long railway vehicle has at least three 
axles, and their relative positions on the 
curve can be made to give some steering 
action. 

When p,; = 1.80 m. per sec. per sec. 
and the axle is set radially, its own 25 % 
frictional grip will take up the 18 % 
side pressure without allowing the flange 
to gain the outer rail. The wheel now 
need only take up the uncompensated 
centrifugal effect, and the factor of safety 
rises to 2.8, or even to 3.0. 


Evidently a car which could take cur- 
ves fast and safely would alter high- 
speed services radically. It would also 
cut down costs, as less braking and sub- 
sequent acceleration would be necessary. 
One plan for such a vehicle would be a 
double car, seating from 100 to 130 per- 
sons. The axle number could be reduced 
from eight to six if an articulated bogie 
was fitted in the middle. Three axles, 
however, would suffice to carry the 
weight, or four, counting the middle 


bogie, and from 10 to 15 % greater acce- 


jeration should be obtainable than at 
present owing to net weight reduction. 
The Waggonfabrik Uerdingen has design- 
ed such a double car, having linked-up 


Monies and radial axles. Ne 
strong, perfectly sprung | 


essential. Welded track completes this ns 


picture of perfection, but is still in the 
clouds of unreality. 


Fig. 4. — End view of the streamlined arti- 
culated 500-n.u.p. Renault diesel train on 
the French State Railways. 


Opposition to the proposal of steering 
axles is found in the objection that the 


effect comes too late. This is not so, 
particularly in the case of transition 


curves, and it is only at the beginning 


and end that some loss of benefit occurs, 
and even then a good factor of safety 
remains. 
some points where speed must be reduc- 
ed, but this can be assured by the use of 
a good automatic train control system. 


Such a car as has been suggested 


would need to be made low, giving easy 
ingress for passengers, and the driver 


would be given a central cab. The cur-_ 


ves must also be taken without causing 
discomfort to the passengers. Uncom- 
fortable travelling is caused by slackness 
between wheel and rail, and a better fit 


There must always remain. 


- 


3 
; 
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in this respect should be considered. It 
may be that a new design of seat will 
have to be evolved, comprising side 
sprung arm and head rests and other 
modifications giving extra comfort. 


Forewarned is forearmed, and a warning 
buzzer of dulcet tones might be employed 
to enable passengers to prepare them- 
selves, mentally and physically, for a 
rapid deviation from the straight. 


[ 624. 43 (43) & 621. 8 (.43) ] 


The Trilok hydraulic transmission. 


(From Diesel Railway Traction, supplement to The Railway Gazette.) 


The Trilok hydraulic transmission, 
made by Klein, Schanzlin & Becker A.G., 
of Frankenthal, Germany, is based on 
the principles of the Fottinger hydro- 
kinetic drive and the Vulcan hydraulic 
coupling, but is simplified in construc- 
tion by the combination of: the torque- 
converter and the fluid coupling in a 
single hydraulic circuit. The essential 
features of a F6ttinger transformer are 
the driving or pump blades, the driven 
or turbine blades, and a_ stationary 
guide-vane reaction member which 
takes up the difference of torque be- 
tween the pump and turbine wheels. 
The hydro-kinetic coupling has no guide 
blades and is capable only of transmit- 
ting torque which is the same for the 
driving and driven, or primary and se- 
condary, wheels of the coupling. 

A torque converter attains its max- 
imum efficiency at a given transmission 
ratio, determined by the design, whereas 
the maximum efficiency of a fluid coup- 
ling is reached when the driven shaft 
runs at the same speed as the driving 
shaft, and the slip is zero. The cha- 
recteristics of the torque converter and 
fluid coupling are thus complementary 
to each other, the converter providing 
increased torque at reduced speed of the 
driven shaft, and the coupling transmit- 
ting the driving torque at nearly the 
speed of the driving shaft. In order to 
combine these two functions in a single 
apparatus, it is necessary to arrange that 


the part used as a stationary guide vane 
or reaction member in the torque con- 
verter can operate as an additional tur- 
bine runner when the apparatus works 
as a fluid coupling. 


Properties of Trilok transmission. 


In the Trilok transmission two free- 
wheel devices are used respectively to 
couple the dual-purpose member to the 
stationary casing when it is to act as 
reaction member (torque-converter), 
and to the driving shaft when it is.to 
act as turbine runner (fluid coupling). 
The change from one condition to the 
other is effected automatically and at 
exactly the correct moment, Referring 
to figure 1, the pump impeller P is 
attached toa the driving shaft A; the 
turbine runner T is keyed to the driven 
shaft B; and the dual-purpose wheel S, 
completing the hydraulic circuit PTS, is 
carried by a hollow shaft with freewheel 
devices at C and D. The rotating parts 
are carried by a stationary casing F, 
which also serves as container for the 
hydraulic medium. A small gear-pump 
G keeps the circuit PTS filled with oil 
under slight pressure, and also lubri- 
cates the bearings and freewheel me- 
chanism. 

When the resisting torque on shaft B 
is greater than the torque applied by 
shaft A, the guide vane member S tends 
to rotate backwards, but. this is pre- 
vented by the meehanism C locking the 
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Fig. 1 (above). — Longitudinal section through 
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Fig. 2 (right). — Operating characteristics & ae 
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conjunction with a diesel engine. 


hollow shaft of S with the fixed cas- 
ing F, The part S is thus held stationary 
and acts as a reaction member, the trans- 
mission now being on the torque con- 
verter principle. As the torque required 
by B decreases, the speed of this shaft 
rises; and directly the required driving 
torque becomes less than the applied 
torque, the torque reaction on S$ re- 
verses and this part begins to run for- 
ward in the same direction as B. The 
design is such that the speed of S rises 
rapidly, but it is prevented from over- 


taking B by the action of the mecha-_ 


nism D, which locks S to B and causes 
it to act as an extension of the turbine 
runner 7. The transmission now oper- 
ates as a fluid coupling without con- 
version of torque. Whenever the load- 
torque exceeds the driving torque, S falls 
behind B, comes to rest, tends to run 
backwards, and is again held by C, thus 
restoring the torque converter action. 


SPEEO OF DRIVEN SHAFT. PER CEAT 


The technical innovation in the trans- 
mission is the member S with its two 
locking devices, which enable the trans- 
mission to operate as a torque converter 
or a fluid coupling, according to the 
requirements of the load. ' 

The torque characteristics of the 
Trilok transmission in conjunction with 
an internal combustion engine are 


shown in figure 2. The primary and > 


secondary torques, T,, T;, as percent- 
ages of the torque at rated speed, are 
plotted against the speed of the driven 
shaft expressed as a percentage of its 
rated (direct-drive) value. The primary 
speed n,,, and the efficiency of the trans- 
mission are also plotted on the same 
base. wee 

The efficiency varies with the load 


and speed, the range of variation being 


indicated by the shaded area in figure 2. 
The heavy curve represents the full-load 
efficiency. The efficiency is higher at 
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proportionate change in the secondary 


speed; and the torques vary with the 
square of the speeds. 


At low speeds, 
e.g., the idling speed of an internal com- 
bustion engine, the torque transmission 


is practically zero; the transmission then 


acts as a disengaged coupling and it is 
impossible to stall the engine. Similarly, 
the engine can be started light, even 
though the output side of the transmis- 
sion be held stationary. 
vehicle speed from zero to maximum 
is obtained simply by moving the en- 
gine throttle, the hydraulic transmis- 
sion adapting itself automatically to 
every change in tractive resistance and 
load. No operating rods or other con- 
trol connections are needed on the trans- 
mission, and there is no interruption of 
torque transmission or tractive effort. 
The addition of a simple device permits 
the engine to be used as a brake. 


- Street crossing aaa eee on the Northern Pacific. 


(Railway Signaling.) 
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In several cities on the West Coast, 
~ such as Seattle, Wash., and Tacoma, the 
Northern Pacific has peetailed highway 
The purpose of this 


used, the methods of control and the 


- results obtained in better protection at 


each of several typical installations in 
this territory. 

In Seattle, Spone street, an east 
and west thoroughfare with two sep- 


a varate lanes of pavement each 30 feet 
- wide, is crossed by three parallel lines 
of the Northern Pacific, running north 
and south. 
street at Second avenue involves a dou- 


The crossing of Spokane 


ble-track line leading to the passenger 
station and a single-track line branching 
off to West Seattle. At Colorado street, 
two blocks west, the crossing of Spo- 
kane street involves three tracks leading 
to the freight yards. At East Marginal 
Way, one block further west, the cross- 
ing includes one joint track, used for 
switching. 

_ The street traffic on Spokane street 
involves about 36000 vehicles daily. 
The railroad traffic on the Second ave- 
nue line includes about 50 passenger- 
train and switching movements daily, 
while on the three-track Colorado ave- 
nue line, about 50 freight-train and 


the | Geadlie laws of gn A 
change in the driving speed produces a 


Any desired | 


Fig. 1. — View of westward drive on Spokane street looking w est—Signal on eastward drive aad 
in left background. Se 


switching movements are made daily. tricks at the Second avenue crossing and 
. The East Marginal Way line handles the same number of men were on duty 
from 8 to 10 switching movements daily. at the Colorado street crossing. Train- id 

men were required to flag the crossing 
at East Marginal Way. On account of 
the heavy vehicular highway traffic, the 
‘Under the previous arrangement two protection afforded by flagmen was not 
watchmen were on duty each of three entirely satisfactory because of the dif- 


Former protection. 


Fig. 2. — Layout of tracks and signals at 
Spokane street on the Second avenue line. 
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hile the 
P- “manually panteolica: AY: the evctinan?’ in 
the tower at an interlocking at that 
Epon ‘The signal lamps are rated at 60- 
Syoe volts and are equipped with 


BAilonseats designed to anithsiand 


. throw enc losed rte chs operated 
bya handle on the front of the case, is 
used for the control of each signal. 


ler the Sere, is in the left or normal 


> = lamp, 
~ When the lever is thrown to the right, 
the green lamp is extinguished and 110- 
nee volt a-c. is fed to a rectifier to operate 
q a p-C, flasher-relay, through the contacts 


_ Si-sihich the same 44 0-volt circuit is fed 


the fed lamps fetnes Eetinauiened: ; 


these floodlamps is on a 


separate circuit controlled by a snap 
| switch, the floodlamps being illum- 
inated” continuously during the hours of - 
darkness. Annunciators are provided to 


warn the watchman and towerman of 


the approach of trains, buttons being» 


‘provided to cut out the annunciators. 

In order to meet the requirement that 
the signals be mounted over the center 
of the driveway, the railroad was con- 
fronted with the problem of designing 
the supporting structure. At each side 
of the driveway, the upright mast con- 
sists of a signal mast made up of a sec- 
tion of 6-inch pipe 7 ft. 6 in. long, in 


which is set a section of 5-inch pipe 9 ft. - 


10 in. long. The base casting is set on 
a concrete foundation 2 ft. 6 in. x 3 ft. 
6 in. xX 6 feet. On the top of the pipe 
there is a standard 5-in. x 5-in. x 5-in. 
‘tee sprinkler fitting faced and drilled. 
The cross bar of 5-inch pipe is fitted 
at each end with a 5-in. x 10-in. com- 
panion flange, faced and drilled so as to 
be bolted to the flange on the tee, A 
5-inch nipple is screwed into the top 
of the tee and a standard pinnacle is 
set on. The crossbar clears the surface 
of the pavement by 16 ft. 3 in. The 
signal is supported by pipe fittings and 
attached to the crossbar by clamps, the 
bottom of the signal clearing the pave- 
ment by 14 feet. 

The wiring between the control point 


and each signal is in underground, Park- 


way cable, being run in 1 1/4-inch con- 
duit up one of the masts to an outlet, 
and then run in the open, supported by 
clamps below the crossbar to the signal. 


Signals on side brackets at Landers street. 


Landers street, running east and west, 
two blocks north of Spokane street, 


ths Reaacnuck, sign. 
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Fig. 3. — Side bracket mounting 
at Landers street. 


so as to bring the center lamp 8 feet 
from the edge of the pavement, directly 
over the path of a vehicle. Likewise, 
on account of the street being used in 
either direction, one signal was required 
on each side of the tracks. 

Each supporting structure is  con- 
structed with a mast similar to that 


previously described, except that the 


5-inch section is 14 feet long so as to 
extend 4 feet higher. A 5-in. x 5-in. 
x 4in, tee is reamed to fit over the 
d-inch pipe and is slid down to position 
and held in place by a 5/8-inch through- 
bolt. The arm is made of a 10-foot sec- 


is used for both directions of traffic ae 
as traffic ordinarily travels at the right, 
the signals are mounted on bracket arms 


tbe Roe. ae eae 
street are controlled autc 
track circuits using interl 
For switching movements on the 
outside tracks, the operation of the 
gnals is controlled manually by a sing le- . 
pole double-throw knife switch in ‘the 
switch tender’s shanty near the crossing. ety 
The operation of the signal and cross- 
ing bell is controlled directly by a 670- 4 
ohm neutral relay marked IF. This relay _ 4 
is controlled through the knife switch 
and through the two interlocking re- 
lays. Under any condition, relay 1s Ae 
will be released when a train approa- 
ches on either of the passenger tracks. 
When a train movement is to be made 
out of the enginehouse or coach yard, ‘ 
the switch tender operates the knife = 
switch to the reverse position, which = 
drops relay IF and starts the operation | 
of the signals. After the rear of the 
train clears the crossing, he returns the 
knife switch to. the « up » position, 
which stops the operation of the signal. _ 
When a southbound switching train 
is approaching the crossing on either 
of the two outside tracks, a trainman — 
opens the knife switch at signal 1.3 _ 
which causes the bell relay to be de- 
energized and starts operation of the 
ee The switch tender then habe 
it in - making avediching moves, he 
can cut out the operation of the signal : 
by operating his knife switch to the full 
« down » position. Regardless of the sod 
position of the knife switch, the ap- 
proach of a train on either of the two 
main tracks will start the operation ofan 
the signal automatically. ‘ 
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Flashing-light signal at Tacoma. volving a group of tracks, of which two 


In Tacoma, D-street crosses the Head are main lines, one is a lead to a yard, 
of Bay line of the Northern Pacific, in- three are leads to the roundhouse and 
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Fig. 5. — Manual control circuits of flashing-light crossing signals at D-street in Tacoma, 


one isa eae qeaniae to a freight 
and ‘industries. 


by Nero Pacific ane 0. Ww. R R. pee 


passenger trains, and also two Great — 


Northern passenger trains use this’ track | 
daily. On account of the numerous 
switching moves and engine moves in ~ 
and out of the roundhouse, it is not 


practicable to control the crossing si-_ 
-gnals by track circuits. 


street traffic is fairly heavy, especially 
during the day when numerous trucks _ 
are operating in this dock and mill — 
district. After considerable study of 
the circumstances, the signal depart- 
ment developed an idea of using manual 
control for the proposed crossing  si- 
gnals, and the system as now qagenited 
has proved quite satisfactory in pro- 
tecting street traffic and in expediting 
train movements. 
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Fig. 6. — View of flashing-light crossing 
signals at D-street in Tacoma. 


The signals are the standard flashing- 


light type with 8 3/8-inch lenses and 


10-volt 18-watt lamps. The control 
arrangement includes three control sta- 
tions or boxes, each equipped with a 
two-position knife switch, the circuits 


However, the | 


I ce 
eee is iseate 4in-a@ “cast-iron box | 


with a tight-fitting door. 


The control circuit includes a 67 
ohm relay, marked P in the di 
which when picked up starts" opt 
of the flasher relay. Relay P is so con- 
nected that operation of any of the three _ 
knife switches will cause its energiz - 


tion, and likewise, subsequent operation a 
of any of the knife switches will release | aa 
it. For example, if a locomotive is to. . 
come out of the roundhouse, the switch 4 


tender lines the track switches and then, a 
as the locomotive approaches the cross- — 
ing, he throws the knife switch at sta- 
tion A to start the operation of the | 
signals. After the crossing is cleared, 
he returns the knife switch to its ori- 
ginal position to stop the signal or, if 
he happens to return to the crossing in — 
the meantine, he can operate the knife 
switch at station B to stop the signal. 
If a train is switching east of the cross- 
ing and is ready to move over the cross- _ 
ing, one of the trainmen throws the 
knife switch at station C to start the 
operation of the signals and after the 
train has cleared the crossing, he can 
stop the signal operation in the same 
way. 


ie 


Flashing-light signals at Airport crossing. : 


At a point nine miles south of Ta- a 
coma, the Prairie line of the Northern 
Pacific crosses a highway leading to 
the airport, and a branch line extend- 
ing by way of American Lake crosses 
the same highway as well as the main — 
Tacoma-Portland highway known as 


* 
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Figs. 7 and 8. — Track and signal layout together with special circuits for installation at 
Airport crossing. 
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Camp Lewis boulevard. The traffic 
on the main line includes two pass- 
enger trains and four freight trains 
daily, while a mixed train is operated 
each way daily over the American 
Lake branch. 


The crossing signals installed at 
these crossings are of the standard flas- 
hing-light type, using 8 3/8-inch lenses 
and 10-volt 18-watt lamps. The signals 
are controlled automatically by track 
circuits with some special intercon- 
nected circuits. For train movements in 
either direction on the main line, the 
control is effected by track circuits 
operating an interlocking relay. When 
a southbound American Lake line train 
stops at the station, it is occupying the 
track circuit A7 which, of-course, causes 
the crossing signals at the Airport cross- 
ing to be in operation. When the train 
completes its station work and pulls 
over the switch on to the branch line, 
the signals at the Camp Lewis boulevard 
crossing are also started in operation. 
Interlocking relays function to cut out 
signals when the rear of the train 
passes oVer the crossing in each in- 
stance, 

When a northbound train on the 
American Lake line passes over the 
crossings, the signals are cut out. 
When the train stops at the- junction 
and the switch is thrown, the signals 
at Airport crossing do not again start 
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operating because the circuits are so 
arranged that the signals will not 
operate when the train pulls into the 
track circuit on the main line. This 
is accomplished as shown in the cir- 
cuit diagram. Ordinarily the feed for 
track circuit A is taken through front 
contacts of the relay for track cir- 
cuit AZ. When the switch is thrown, 
a circuit is completed which picks up 
stick relay S, through the front con- 
tacts of which battery is fed to track 
circuit A, independent of relay A/T. 


Fig. 9. — Flashing-light signals on Camp Lewis boulevard crossing] 


of the American Lake line. 


~ 


After the train is out on the main 
track on track circuit AZ and the 
switch is placed normal, the stick re- 
_lay stays up through a back contact 
of relay A1T.. The stick relay is re- 
leased when the train clears track cir- 


cuit AZ and picks up relay AZ. There- 


fore, the signals are not operated for 
such a receding train movement. It 
should be noted that this circuit is ac- 
complished without the use of line 
wires. 
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14. — The London Midland and Scottish Railway turbine locomotive. 


Details of the roller bearing axleboxes. 


(The Railway Gazette.) 


As stated in a previous article (1), the 
turbine express locomotive completed at the 
Crewe works of the L. M. S. R. in June last 
is fitted with roller bearing axle-boxes 
throughout, and this is the first time in the 
history of British railways that a locomotive 
has been fully equipped with anti-friction 
bearings on all axles. Twelve single-row and 
eight two-row bearings of Timken manu- 
facture are used to carry the complete loco- 
motive and tender, which has a weight of 
nearly 164 tons. Four different types of 


axlebox have been incorporated, each designed 
to meet the individual conditions imposed by 
its position. ‘ 
Both axles of the leading bogie are carried 
in the Timken type of cannon box mounting 
having at each end a single-row taper roller 
bearing of 13 5/8 in. outside diameter, to 
carry a wheel load of 9 tons 12 ewt. The 
single bearing has been adopted as providing 
the maximum thrust load capacity, so desir- 
able in this position, The radial load is 
divided between the two bearings. The bear- 


Fig. 1. — Complete axlebox and bearing assembied on driving 
axle of L. M. 8. R. 4-6-2 turbine locomotive. 


ings run in an oil bath, and advantage has 
been taken of the centrifugal pumping action 


(1) The Railway Gazette, June 28, 1935, 
pp. 1251-1260. Bulletin of the Railway Con- 
gress, October 1935, pp. 1239-1252. 


of the tapered construction to provide an 
automatic oil circulatory system through the 
bearings. Cored passages are arranged in the 
lower half of the boxes for this purpose. The 
enclosures at each end of the axleboxes incor- 


a 


prevent the escape of oil and the penetration 
of dirt and water. Oil wastage is small and 
replenishment infrequent. ‘ 

The axlebox is of cast steel, split on the 
horizontal centre line and secured with fitted 
bolts. The design facilitates inspection of 
the bearings, although this is necessary only 
after long intervals. 


Driving axle bearing. 

This application called for special care and 
consideration owing to the flexible drive in 
the centre of the axle, combined with a heavy 
load of 22 tons 13 ewt. at rail. Two boxes 
are employed on an axle, each equipped with 
a self-contained double-row Timken bearing 
of 19 in. outside diameter. The bearings are 
mounted indirectly, that is with the small 
ends of the tapered rollers pointing towards 
one another, which ensures the maximum sta- 
bility. The boxes are of cast steel, and are 
split horizontally on the centre line. The hal- 
ves are secured by six long bolts of high 
tensile steel, which carry the journal load. 
The bearings run in an oil bath, the box 
having ample oil capacity; automatic oil cir- 
culation, as previously described, is provided. 

The Timken patented trunnion horn guide, 
of special alloy steel, mounted on circular 
trunnions solid with the boxes, has been 
adopted. The flexibility allowed by this con- 
struction makes for smoother working and 
reduced wear. The horn guides are lubricated 
on all wearing surfaces from a felt plug 
recessed into the top of the horn guide, which 


porate an oil flinger and oil grooves, which — 


ae on chet box, ABA  enpAiltiag ee 
of the axlebox relative to the guide members 


on the frame, due to track irregularities, ete., ; 


is readily accommodated by a slight angular | ‘ 
movement of the horn guide. This arrange- 
ment permits much greater flexibility and at 
the same time no portion of the stucture is 
subject to undue stress or wear. 

To ensure complete lubrication of all wear- 
ing surfaces, an oil reservoir fitted with a 


cover plate is provided on the top of the 
_axlebox and a cireular felt pad projecting — 


through the trunnion guide to its face is let 
into the wall of the reservoir, and is fed with 
oil by means of a wick trimming. The an-— 
gular movement between axlebox and horn 
guide, previously mentioned, tends to shear 
the felt pad slightly. This squeezes out the 
lubricant drawn from the reservoir, which 
then runs down between the trunnion guide 
and adjacent faces to lubricate thoroughly 
all wearing surfaces. 

The boxes for the intermediate and trailing 
coupled axles are of the cannon box type, of 
a design generally similar to those of the 
leading bogie, but with the addition of the 
trunnion type horn guides as fitted to the 
driving axleboxes. . Single-row Timken bear- 
ings of 19 in. outside diameter are used to 
carry the heavy axle load of 24 tons. The 
single axle of the trailing truck (Bissel type) 
is mounted in two boxes, each containing two 


ig. 2. — Timken cannon box type roller bearing assembly, for a steam railear supplied 
to the Belgian National Railways Company. 
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“ 13 1/4 ca outside single steel castings, provided with outer co- 
setae load of 18 sfons,, vers and the automatic oil-circulatory system; 
the design is generally similar to that usually 


sed; the Etec is a ae Peer closed adopted for passenger coaches. . 
‘a cover at each end. Owing to the pro- These bearings minimise the pounding of w% 
ximity to the firebox, special provision is reciprocating parts by supporting the axle 
made for the exclusion of ashes and water. round the whole of the circumference with 
= The tender is of the six-wheeled type, weigh- only a fine radial clearance. 
| ing fully loaded 54 tons 13 ewt. The Tim- Figure 1 shows a driving axlebox on the 


ken bearings in each of the six axleboxes are I. M. S. R. turbine locomotive, and figure 2 
» of the double-row type having an outside a similar assembly in complete form for a 
ui _ diameter of 12 1/8 in. with direct mounting, steam railear built by the Birmingham Rail- 
me cui.e.5 the small ends of the taper rollers point way Carriage & Wagon Company for service 
away from each other. The axleboxes are on the Belgian National Railways. 


[ 624, 132.3 (.73) & 624. 132.8 cat!) 
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4 2. — Atlantic type streamlined locomotives, 
+ ; Chicago, Milwaukee, St. Paul & Pacific Railroad. 

M : Let (The Railway Gazette.) 


By the courtesy of the American Locomotive high-speed, high-power, streamlined oil-burn- 
Company we are enabled to reproduce herewith ing steam locomotives recently completed for 
photographs and give particulars of the new the Chicago, Milwaukee, St. Paul & Pacific 


[== = 
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Paul, and Milwaukee. The locomotive — WwW 
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Railroad oa hauling the new Hi rane di 
luwe streamlined train between Chic i o, & 


be required to cover the 410 miles in 390 mi- 
nutes, including five intermediate so at 


_ an average speed of 66 m.p.h. 


The de luwe passenger coaches of which ae 
train is composed weigh approximately 50 
tons each, as compared with the 85-ton Pull- 
mans now commonly used on the American 
railways. Even so, the new cars are consider- 
ably heavier than many of the extremely light 
passenger vehicles recently introduced on 
American high-speed runs. They are stream- 
lined, and the rear vehicle of each set is 
provided with a wedge-shaped or « beaver 
tail » end designed to improve the air flow 
past the train at high speeds. Forty passen- 
gers are accommodated in each of the day 
coaches, which is one-third less than usual 
owing to the wide centre gangway and smok- 
ing lounges at each end. The train is air- 
conditioned throughout. 

The locomotive is of the 4-4-2 type and has— 
a tender mounted upon two bogies, one with 
six and the other four wheels. 

The engine in working order weighs 125 
(long) tons, and the tender 110 1/2 (long) 
tons; each pair of coupled wheels carries 


Fig. 2. — Broadside view of new 4-4-2 streamlined locomotive for the Hiawatha 
high- speed express. 
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: - weight. The maximum — ; 
| 30700 Ib. and the factor 


carried out by makers in connection with the — 


31 1 /4 tons, giving 62 1 


The tender capacity is 13 000 

and 4000 gallons of fuel o J 
bearings are fitted on all . engine ar ad 
tender axles. A series of wind tunnel tests. r 
of locomotives and trains of various lengths, 
contours, and degrees of streamlining was” c 


design. The coaches are equipped ore Shue 
roller bearings. z 

The following are the main nee of 
the locomotive : 


» 
» 


, 
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Cylinders, diameter . . . 19in. 
Piston stroke. . . Aa tahoe 
Wheels, coupled, aiamaten EW si rs 
Wheelbase, engine JP Ot tte Teale 
> coupled . LEA Sehbs Cline 
> engine and tender 78 ft. 10 1/2 in. 
Boiler, steam pressure . 300 Ib. per sq. in. 


Heating surface, tubes 1781 sq. ft. q 
>» -> fines 2% Wai gel OLS é 
> > firebox . 254 » 4 
» > syphon . 40 » 
Total heating surface . . 3 245 > 
Superheating surface . . 1029 » 
Combined total. . 4274 sq. ft. 
Grateares cy + spe ao 69 sq. Tt. 
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One of the recent developareure of the Lima 
‘Locomotive Works, Inc., New York, is an air 


_ preheater for locomotive fireboxes designed 
to raise the temperature of the air used for 


combustion in order to effect uniform com- 


bustion conditions, fuel economy, an increase 


in evaporative efficiency, and a reduction in 
firebox maintenance. In the conventional lo- 


comotive side-sheet maintenance is aggravated 


due to cold air coming in contact with the 
side sheets, and their consequent expansion 


and contraction causes warped and cracked 


side sheets and leaky staybolts and rivets. A 
preheater of this type was applied to a mo- 


dern 2-10-4 type locomotive and has now been 


in service for approximately 18 months. The 


locomotive so equipped is said to have shown 
a marked reduction in side-sheet maintenance, 


warping and cracking. Leakage of staybolts 
and mud-ring rivets has been reduced to a 
minimum. 


2 


3 — Air preheater for locomotive fireboxes. 


pes . itn (Railway Age.) 


Tests were made in January, 1934 of two 
locomotives of identically the same design, 


except that’ one was equipped with the pre- 


heater and the other was not, and for the 
preheater locomotive an average fuel saving 
per unit of work of between 7 and 8 % was 
indicated and the evaporation per pound of 
coal was correspondingly increased. At the 
time these tests were made the average out- 
side temperature was 32 degrees. Readings 
taken simultaneously at four different loca- 
tions within the ashpan showed that the tem- 
perature of the air entering the ashpan 


averaged 205 degrees. 


Some idea of the manner in which the pre- 
heater is applied may be gained by reference 
to the accompanying illustration. The heater 
is applied in two sections, one on each side 
of the firebox directly under the mud ring. 
The heater sections are comprised of casings, 
each containing a number of finned tubes. 


View of a 2-10-4 locomotive equipped with the firebox preheater. 
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The tubes are located relatively close together 
and in staggered fashion so as to provide 
maximum efficiency in heat transfer. The 
tubes extend lengthwise through the heater 
section and terminate in tube sheets. The 
fins lie in lines paralleling the general path 
of the air in flowing through openings into 
the heater, the air’ thence being discharged 
just below the grate. With this arrangement 
all of the air for combustion purposes must 
pass through the preheater, thus raising the 
temperature before it reaches the fire bed. 

There is an opening between the two heater 
sections and also at each corner below the 
mud ring, which are normally closed by doors. 
These openings provide access to the ashpan 
for cleaning. 

Steam is circulated through the heater sec- 
tions, each of which operates separately. 
When the locomotive is in operation the steam 
is taken from the exhaust passages of the 
cylinders and carried direct to the air pre- 
heater units. When the steam is shut off 
from the main cylinders and the locomotive is 
drifting or standing, the steam is taken from 
the main turret and passes through a reducing 
valve which reduces the pressure to 15 Ib. 
per sq. in. before it passes through the lines 
to the preheater units. The change from the 
use of exhaust to live steam and vice versa 


is automatically accomplished by valves of 
special design. When the steam is being 
admitted to the main cylinder the valve in 
the line closes the live-steam connection from 
the turret and the automatic valve in the 
line from the cylinders to the preheater unit 
is opened, thus permitting the passage of 
exhaust steam. When the steam is shut off 
from the main cylinders this operation is 
reversed. 


The steam is led to the back end of each ; 


heater section. All of the heater tubes are 
constantly filled with steam; the inflow of 
air around the tube condenses the steam, 
causing it to give up its heat. The condensate 
is led to a trap and discharged to the ground, 
or may be led, by suitable means to the water 
space in the tender, if this is desired. 

Shut-off valves are applied so that the 
heater can be made inoperative without inter- 
fering with the operation of the locomotive. 
A blower fitting is provided in the line from 
the turret so that steam can be applied to the 
heater when the locomotive is being fired up. 
The entire arrangement is automatic in oper- 
ation and requires no attention on the part 
of the engineman. Each of the heater sec- 
tions is so designed as to be interchangeable. 
The preheater arrangement is covered by pend- 
ing patent applications. 
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